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(54) COMMUNICATION SYSTEM, BASE STATION APPARATUS, COMMUNICATION TERMINAL 
APPARATUS AND COMMUNICATION METHOD 



(57) In carrying out bidirectional communication 
with a base station device, one frame is prescribed for 
each predetermined time period Tf and a plurality of 

time slots are formed in one frame. In slots T1. T2 

Tn of an uplink period Tu. communication of a down link 
from the base station device to a communication termi- 
nal device is carried out by using a multi-carrier signal 
having data dispersed to m units of subcarriers for 



transmission (where m is an integer not smaller than 2). 
and communication of an up link from the communica- 
tion terminal device to the base station is carried out by 
using a multi-carrier signal having data dispersed to j 
units of subcarriers for transmission (where j is an inte- 
ger smaller than m) or a multi-carrier signal having data 
dispersed to m units of subcarriers for transmission. 
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Description 

Technical Field 

[0001] This invention relates to a comnnunication sys- 
tem, a base station device, a communication terminal 
device and a communication method suitably applied to 
data communication on a mobile unit, particularly radio 
communication of multi-carrier signals. 

Background Art 

[0002] Conventionally, a data communication system 
: for mobile communication, referred to as a multimedia 
mobile access system (MMAC), has been proposed. 
This access system is a high-speed radio access sys- 
tem which is seamlessly connectable to an optical fiber 
network (BISDN). In this access system, a relatively 
high frequency band of 5 GHz or the like and a trans- 
mission rate of approximately 30 Mbps are used, and a 
TDM A (time division multiple access)/TDD (time divi- 
sion duplex) mode is used as an access mode. 
[0003] Meanwhile, in allocating transmission data to a 
plurality of subcarriers for carrying out radio transmis- 
sion by applying the multi-carrier signal transmission 
mode referred to as an orthogonal frequency division 
multiplex (OFDM) mode as in the MMAC system, there 
is a problem that a large peak power ratio of the trans- 
mission power to the average power is generated: For 
example, if the number of subcarriers is 32, the ratio is 
simplyequal to 101og32 = 15dB. Therefore, in the case 
where the multi-carrier signal transmission mode is 
employed, it is necessary to use a power amplifier hav- 
ing broad linearity as a power amplifier of a transmis- 
sion section of a transmission device. Thus, in a small- 
size terminal unit which has low power efficiency and is 
required to have low dissipation power for battery driv- 
ing, there is an extremely large burden on the unit. 

Disclosure of the Invention 

[0004] In view of the foregoing status of the art, it is an 
object of the present invention to provide a communica- 
tion system, a base station device, a communication ter- 
minal device and a communication method which 
enable efficient processing in bidirectional transmission 
• of multi -carrier signals. ' 
[0005] A communication system according to the 
present invention includes; a base station device having 
transmission means for carrying out communication of a 
down link to a communication terminal device by using 
a multi-carrier signal having data dispersed to a plurality 
of subcarriers for transmission, and receiving means for 
receiving a single-carrrer signal transmitted from the 
communication terminal device and demodulating the 
data thereof; and a communication terminal device hav- 
ing transmission means for carrying out communication 
of an up link to the tase station device by using a single- 



carrier signal, and receiving means for receiving a multi- 
carrier signal having data dispersed to a plurality of sub- 
carriers transmitted from the; base station device and 
demodulating the received. data. . ■ 

5 [0006] Also, a communication system according to the 
present invention includes; a base station device having 
transmission means for carrying out communication of a 
down link to a communication terminal device by using 
a multi-carrier signal having data dispersed to a plurality 

10 of subcarriers for transmission, and receiving means for 
receiving a multi-carrier signal having data dispersed to 
a plurality of sut:x:arriers or a single-carrier signal trans- 
mitted from the communication terminal device and 
demodulating the data thereof; a first communication 

15 terminal device having transmission means for carrying 
out communication of an up link to the base station 
device by using a multi-carrier signal having data dis- 
persed to a plurality of subcarriers for ti'ansmission, and 
receiving means for receiving a multi-carrier signal hav- 

20 ing data dispersed to a plurality of subcarriers transmit- 
ted from the base station device and demodulating the 
received data; and a second communication terminal 
device having transmission means for carrying out com- 
munication of an up link to the base station device by 

25- using a single-carrier signal, and receiving means for 
receiving a multi-can-ier signal having data dispersed to 
a plurality of subcarriers trarismitted from the base sta- 
tion device arid demodulating the received data. 
[0007] Also, a communication system according to the 

30 present invention includes; a base station device having 
- transmission means for carrying out communication of a 
down link to a communication terminal device by using 
a multi-carrier signal having data dispersed to ni units of 
subcarriers for transniission (where m is an integer not 

35 smaller than- 2), and receiving means for receiving a 
multi-carrier signal having data dispersed to j units of 
subcarriers (where j is an integer smaller than m) trans- 
mitted from the communication terminal device and 
demodulating the data thereof; and a communication 

40 terminal device having transmission means tor carrying 
out communication of an up link to the base station 
device by using a multi-carrier signal having data dis- 
■ persed to j units of subcarriers for transmission, and 
receiving means for receiving a mulli-carrier signal hav- 

45 ing data dispersed to m units of subcarriers transmitted 
from the base station device and demodulating the 
received data. 

[0008] AlsOi a communication system according to the 
present invention includes: a base station device having 

50 transmission means for carrying out communicatiori'of a 
down link to a communication terminal device by using 
a multi-carrier signal having data dispersed to m units of 
subcarriers for transmission (where m is an integer not 
smaller than 2). and receiving means for receiving a 

55 multi-carrier signal having data dispersed to m or j units 
of subcarriers (where j is an integer smalfer than m) 
transmitted from the communication terminar device 
and demodulating the data thereof; a first commuriica- 
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tion terminal device having transmission means for car- 
. rying out communication of an up link to the base 
station device by-uslnga rnulti -carrier signal having data 
dispersed to m units oisubcarriers for transmission, and 
receiving means for receiving a multircarrier signal hav- 
ing data dispersed to m units. of subcarriers transmitted 
from the t)ase station device and. demodulating the 
received data; and a second communication terminal 
device having transmission means for carrying out com- 
munication of an up link to the base station device by 
using a multi-carrier signal having data dispersed to j 
units of subcarriers. for . transmission, and ; receiving 
means for receiving . a multi-carrier signal haying data 
dispersed to m units of subcarriers transmitted from the 
base station device and demodulating the received 
data. 

[0009] Also, a communication system according to the 
present Invention includes: a base station device having 
transmission means for carrying out communication of a 
down link to a communication terminal device by, using 
a multi-carrier signal having data dispersed to m units of 
subcarriers for transmission, (where m is an integer not 
smaller than 2), and receiving means for receiving a 
multi-carrier signal having data dispersed to m or j units 
of subcarriers (where j is an integer smaller than m) or a 
single-carrier signal transmitted from the comniunica- 
tion terminal device and dernodulating the data thereof: 
a first communication terminal device having transmis- 
sion nrieans for carrying out communication of an up link 
• to the base station device by using a multi-carrier signal 
having data- dispersed to m unttS: of subcarriers for 
transmission, and receiving means for rjeceiving a multi- 
carrier signal having data-dispersed, to m= units; of sub- 
carriers transmitted from thg-base station device and 
dernodulating the received data; a second communica- 
tion terrninal device having transmission means for car- 
rying out communication of an up link to the * base 
station device by using a rrtuiti -carrier signal having data 
dispersed to j units of subcarriers for transmission, and 
receiving means for receiving a multi-carrier signal hav- 
ing data dispersed to rn units of subcan-iers transmitted 
from the base station device and demodulating the 
received data; and a third communication terminal 
device having transmission means for carrying out com- 
munication, of an up link to the base station device by 
using single-carrier, and receiving means for receiving a 
multi-carrier signal having data dispersed to a plurality 
of subcarriers transmitted from the base station device 
and demodulating the received data. , 
[001 0] According to the present invention, there Is pro- 
vided a base station device for carrying out bidirectional 
data communication with a communication terminal 
device. The base station device includes, transmission 
means for carrying out communication of a down Jink to 
the communication terminal device by using a multl -car- 
rier signal having data dispersed to a plurality of subcar- 
riers for transmission, and receiving means for receiving 
a single-carrier signal transmitted from the communica- 



tion terminal device and demodulating the data thereof. 
[0011] Also, according to the present Invention, there 
is provided a base station device for carrying out bidi- 
rectional data communication with a communication ter- 
5 minal: device.. The base station device includes 
. transmission means for carrying out communication of a 
■down/ link to the communication terminal device by 
using, a multi-carrier signal having data dispersed to a 
plurality of sutx^arrlers for transmission, and receiving 
10 means for receiving a multi-carrier signal having data 
dispersed to a plurality of subcaniers or a singlercarrier 
signal transmitted from the communication terminal 
device and demodulating the data thereof 
. [0012] Also, according to the present invention, there 
15 is provided a base station device for carrying out bidi- 
rectional data communication with a communication ter- 
minal device. The base station device includes 
transmission means for carrying out communication of a 
6own link to the communication terminal device by 
20 using ;a multi-carrier signal having data dispersed to m 
units of subcarriers for transmission (where m Is an inte- 
ger not smaller than 2). and receiving means-for receiv- 
. ing a multi-carrier signal having data dispersed to j units 
of subcarriers (where j is an integer smaller than m) 
25 transmitted from the communication terminal device 
and demodulating the.data thereof. 
[001 3] Also, according to the present Invention, there 
Is provided a . base station device for carrying out bidi- 
rectional data communication with a communication ter- 
se minal device. The base station device includes 
t transmission means for carrying out communication of a 
down link to - the .communication terminal device by 
using a multl-carrier slgnal having data dispersed to m 
units of subcarriers for transmission ('Miere rh is an Inte- 
35, ger not smaller than 2). and receiving means for receiv- 
ing a multi-carrier signal having data dispersed to m or j 
units of subcarriers (where j is an integer smaller than 
m) transmitted from the communication terminal device 
and demodulating the data thereof. 
40 [0014] Moreover, according to the present invention, 
there is provided a base station device for carrying out 
. bidirectional data communication with a comnriunication 
terminal device. The base station device Includes trans- 
mission means for carrying out communication of a 
45 down link to the communication terminal, device by 
using a multi-carrier signal having data dispersed to m 
units of subcarriers for transmission (where m is an inte- 
ger not smaller than 2). and receiving means for receiv- 
ing a multi-carrier signal having data dispersed to m or j 
50- units of subcarriers (where rj is an Integer snnaller than 
m) or a single-carrier signal transmitted from the com- 
munication-terminal deyice and demodulating the data 
^ thereof.' c- *: ■ - ^ ■ 

[001 5] , According to the present Invention, there is pre- 
ss vided. a comnriunicatlpn terminal device for carrying out 
bidirectional communication with a base station device. 
The communication terminal device includes transmis- 
sion means for carrying out communication of an up link 
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to the base station device by using a single-carrier sig- 
nal, and receiving means for receiving a multi-carrier 
signal having data dispersed to a plurality of subcarriers 
transmitted from the base station device arxl demodu- 
lating the received data. 

[001 6] Also, according to the present invention, there 
is provided a communication terminal device for carry- 
ing out bidirectional communication with a base station 
device. The communication terminal device includes 
transmission means for carrying out communication of 
an up link to the base station device by using a multi- 
carrier signal having data dispersed to j units of subcar- 
riers for transmission, and receiving means for receiving 
' a multi-carrier signal having data dispersed to m units of 

■ subcarriers transmitted from the base station device 
and demodulating the received data. 
[0017] According to the present invention, in a com- 
munication method for carrying out bidirectional com- 
munication with a base station device, communication 

- of a down link from the base station device to a commu- 
nication terminal device is carried out by using a multi- 
carrier signal having data dispersed to a plurality of sub- 
carriers for transmission. arxJ communication of an up 
link from the communication terminal device to the base 
station device is carried out by using a single-carrier sig- 
nal. 

[0018] Also, according to the present invention, in a 
communication method for. carrying out bidirectional 
communication with a base station device, communica- 
tion of a down link from the base station device to a 
communication terminal device is carried out by using a 
multi-carrier signal having data dispersed to a plurality 
of subcarriers for transmission, and communication of 
an up link from the communication terminal device to 
the base station device is carried out by using a multi- 
carrier signal having data dispersed to a plurality of sub- 

: carriers for transmission or a single-carrier signal. 
[001 S] Also, according to the present invention, in a 
communication method for carrying out bidirectional 
communication with a base station device, communica- 
tion of a down link from the base station de\/ice to a 
communication terminal device is carried out by using a 
multi-carrier signal having data dispersed to m units of 
subcarriers for transmission (where m is an integer not 
smaller than 2), and communication of an up link from 
the communication terminal device to the base station 
device is carried out by using a multi-carrier signal hav- 
ing data dispersed to j units of subcarriers for transmis- 
sion (where j is an integer smaller than m). 
[0020] Also, according to the present invention, in a 

* communication method fdr^ carrying out bidirectional 
communication with a base station device, communica- 
tion of a down link from the base station device to a 
communication terminal device is i::arried out by using a 

' multi-carrier signal having data dispersed to m units of 
subcarriers for transmission (where m is an integer not 
smaller than 2), and communication of an up link from 
the communication ternfiinal device to the base station 



device is carried out by using a multi-carrier signal hav- 
ing.data dispersed to j units of subcarriers for transmis- 
sion (where j is an integer smaller than m) or a multi- 
carrier signal having data dispersed to m units of sub- 
5 carriers. 

[0021] Also, according to the present invention, in a 
communication method for carrying out -bidirectional 
communication with a base station device, communica- 
tion of a down link from the base station device to a 

10' communication terminal device is carried out by using a 
multi-carrier signal having data dispersed to m units of 
subcarriers for transmission (where m is an integer not 
smaller than 2), and communication of an up link from 
the communication terminal device to the base station 

75 device is carried out by using a multi-carrier signal hav- 
ing data dispersed to j units of sutx:arriers for transmis- 
sion or a single-carrier signal. 

[0022] Moreover, according to the present invention, 
in a communication method for carrying out bidirectional 

20 communication with a base station device, communica- 
tion of a down link from the base station device to a 
communication terminal device is carried out by using a 
• multi-carrier signal having data dispersed to m units of 
subcarriers for transmission (where m is an integer not 

25 smaller than 2). and communication of an up link from 
the communication terminal device to the base station 
device is carried out by using a multi-carrier signal hav- 
ing data dispersed to m units of subcarriers for trans- 
mission, a multi-carrier signal having data dispersed to j 

30 units of subcarriers for transmission (where j is an inte- 
' ger smaller than m) or a signal-carrier signal.: 

Brief Description of the Drawings ' ■ ■ - 

35 [0023] . i 



Fig.1 shows the structui-e of a data communication 
system according to the present invention! - 

40- ' Fig.2 is a block diagram Showing the structure Of an 
MMAC base station device in the data communica- 
tion system. 

Fig.3 is a block diagram showing the structure of an 
45 MMAC terminal device in the data communication 
system. 

Fig. 4 is a block diagram showing the structure of 
essential portions of a communication terminal 
50 ' device used as the MMAC terminal device. ' 

Fig. 5 is an explanatory view sliowing an exemplary 
frame structure in the data corrimunication system. 

55 Fig.6 is a block diagram showing the structure of 
essential portions of another communication termi- 
nal device used as the MMAC terminal device. 
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Fig.7 is an explanatory view showing an exemplary 
. frame structure in the case where access is made 
-i:' rr. from the- communication terminal device shown in 
Fig.6. ' • ./--I ■ r ' • 

Fig.B is an. explanatory view -showing the frame 
structure in the case where a tow-speed dedicated 
slot is prepared in the data communication system, 

Fig.9 is an explanatory view showing the frame 
structure in the case where a: low-speed/high- 
speed slot is prepared in the data communication 
system, ■ 

- Fig. 10 is a block diagram showing the structure of 
essential portions of a base station, device used as 
the MM AC t)ase station device. 

Fig.1 1 is a block diagram showing a specific exam- 
' pie of the structure of a discrimination and selection 
circuit in the t>ase station device shown in Fig. 10. 

' .Fig. 12 is an explanatory view showing an exem- 
plary control sequence in the data communication 
system. - . . - .: . 

. . , ;• Fig. 13 is a block diagram showing the .Structure of 
; essential portions of another.comnr.unication termi- 
nal,device used as the MMAC terminal device. 

Fig.14:is a.block diagram showing the structure of 
essential portions of another base station device 
used as the MMAC base station device, j- - 

Fig. 15 is an explanatory view showing an exem^ 
plary frame structure in the case where access is 
made, from the communication terminal device 
shown In Fig. 13. s . : 

, • Fig. 16 is a .block diagram showing the structure of 
- : essential portions of another base station device 
used as the MMAC base station device. 

Figs. 1 7A and 1 7B are explanatory views showing a 
receiving band in the base station device shown in. 
Fig.16. 

Best Mode for Carrying Out the Invention 

[0024]. The present invention is applied to a data com- 
munication system having the structure as shown in 
Fig.1. for example. 

[0025] The data communication system shown in 
Fig.1 is a data communication system for mobile com- 
munication referred to as a rnuiti media mobile access 
.system (MMAC). This access system is a high-speed 
radio, access system which Is seamlessly connectable 
to an optical fiber network (BISDN or Broadband 



^ Aspects of Integrated Services Digital Network). In this 
access system, a relatively high frequency band of 5 
.GHz.or the like and a transmission rate of approximately 
. 30 Mbps are used, and a TDMA (time division multiple 
5 access)/TDD (time division duplex) mode is used as an 
■access mode. 

[0026] The data communication system shown in 
Fig.1 is adapted forproviding a service called IP (Inter- 
net Protocol) connection for connection to the Internet. 

10 The data communication system includes various con- 
tents servers 1.1 connected to the Internet 12, and an 
MMAG base station device 15 for carrying out commu- 
nication through an ISDN circuit (or ordinary telephone 
. line) 13 or an optical fiber network 14. The base station 

15 device 1 5 is connected to the ISDN circuit 1 3 or the opti- 
cal fiber network 14 by a user network interface (UNI). 
[0027] The MMAC base station device 1 5 carries out 
radio communication with a portable information termi- 
nal device 16 In accordance, with the above-described 

20 transmission mode,. and relays communication between 

- - the. portable information terminal device 16 and the cir- 

cuits 13, 14 connected to.the fc^ase station device 15. 
[0028] The MMAC base station device 15 has the 
structure as shown in Fig-2/for example. The MMAC 
25 base station device 15 shown in Fig. 2 includes an ATM 
network circuit control section 15b connected to the 
. optical fiber network .1 4 where communication is carried 
out in an asynchronous transfer mode (ATM) through an 
.interface section 15a. an MMAC channel coding/decod- 
30 ing section :15d connected to the ATM network circuit 
. control section 15b through , an ATM. cell disassem- 
. biy/reassembly .section 15c, a. central processing unit 
' (CPU) .1 5e connected to the ATM network circuit control 
section 15b and the MMAC channel coding/decoding 
35 section 15d through a bus line 15f. a transmission sec- 
tion 15h connected to the MMAC channel cod- 
ing/decoding section 15d through a nxxiulation section 
15g, a receiving section 15j connected to the MMAC 
^ channel coding/'decoding section I5d through a demod- 
40 ulation. section 15k, and an antenna 151 connected to 
the transmission section 15h and the receiving section 
15j. . : . . ; . . 
[0029] In this MMAC base station device 15. the inter- 
face section 15a is a user network interface (UNI) con- 
45 nected to the optical fiber network 14. and multiplexes 
, data (ATM cell) transmitted in the ATM. 

- V [0030] The ATM network circuit control section 1 5b 

connected to the interface section 15a carries out circuit 
control such as call connection with the ATM network. 

so The ATM cell disassernblyyreassernbly section 15c con- 
nected to the ATM ne^twork. circuit control section 15b 
carries out disassembly of an ATM cell from the ATM 
network side and reasserpbly of an ATM cell to be trans- 
mitted; to the network side.. : 

55 [0031 ] T)ie data from the„ ATM network side, resolved 
/ by the ATM eel! disassembly/reassembly section 15c.. Is 
sent to the MMAC channel, coding/decoding section 
' 15d,_ where the data is decoded to an MMAC radio 
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transmission format. The decoded data is modulated in 
accordance with QPSK modulation by the modulation 
section 15g, and transmission processing such as fre- 
quency conversion and amplification is carried, out by 
the transmission section 15h, Then, the processed data 
is radio-transmitted to the terminal, device from the 
antenna 15i. 

[0032] On the other hand, a signal transmitted from 
the terminal device side Is received by the receiving 
section 15j through the antenna 15i, and demodulation 
of the received data is carried but by the demodulation 
section 15k. The demodulated' data is decoded by the 
MM AC channel coding/decoding section 15d and is 
then assembled into an ATM cell by the ATM cell disas- 
sembly/reassembly section 15c. The ATM cell is trans- 
mitted from the interface section 15a to the optical fiber 
network 14 under the control of the ATM network circuit 
control section 15b. 

[0033] ' The processing in the MM AC base station 
• device 1 5 is executed under the control of the central 
processing unit 1 5e through the bus line 1 5i. 
[0034] The portable irrformation terminal device 1 6. 
which is the MMAC terminal device, has the structure as 
shown in Fig .3, for example. The portable information 
terminal device 16 shown in Fig. 3 includes a receiving 
section 16b and a transmission section 16f which are 
connected to an antenna 16a. an MMAC channel cod- 
ing/decoding section 16d connected to the receiving 
section 16b through a demodulation: section 16c and 
^ connected to the transmission section 16f through a 
modulation section 16e, a central processing unit (CPU) 
16g connected to the MMAC channel coding/decoding 
section 16d, an operation section 16h and a digital sig- 
nal processing (DSP) section 16k which are connected 
to the central processing unit 1 6g, a liquid crystal driver 
1 6i connected to the central processing unit 1 6g and the 
digital signal processing section 16k. a liquid crystal dis- 
- play 16j connected to the liquid crystal driver 16i. and a 
speaker 16m connected to tho digital signal processing 
section 16k. * - 

[0035] In this portable information terminal device 16, 
a signal transmitted from the' MMAC base station device 
- 15 is received by the receiving section 16b through the 
antenna 16a. The signal received by the receiving sec- 
tion 16b is demodulated by the demodulation section 
16c and is supplied as received data to the MMAC 
channel coding/decoding section 16d. The MMAC 
channel coding/decoding section 16d carries out 
decoding processiiig from the -MMAC radio transmis- 
sion format. The data decoded by the MMAC channel 
coding/decbding section ■i6d is split into video data and 
audio data by the central processing unit 16g, and the 
split data are supplied to the digital signal processing 
section 16k The digital sigi tal processing section 16k 
carries out decoding procossing in accordance with the 
MPEG-2 ' system. The video data included in the 
received data is processed for display by the digital sig- 
nal processing section^ 16k and is then supplied to the 



liquid Crystat driver 1 6i. The liquid crystal display 1 6j dis- 
plays an image corresponding to the video data under 
the control of the central processing unit 16g. The aiudio 
data included in the received data is converted to an 

5 analog audio signal by the digital signal processing sec- 
tion 16k and is then outputted from the speaker 16m. 
[0036] Also, in this portable information terminal 
device 16, transmission data generated in accordance 
with the operation of the operation section 16h con- 

10 n^cted to the centra! processing unit 16g is sijpplied to 
the MMAC channel coding/decoding section I6d. The 
MMAC channel coding/decoding section I6d codes the 
transmission data into the MMAC radio transmission 
format. The coded data is modulated in accordance with 

15 QPSK modulation by the modulation section 16e and is 
then radio-transmitted from the transmission section 1 6f 
to the MMAC base station device 15 through the 
arrtenna 16a. 

[0037] By preparing the base station device 1 5 and 

20 the terminal device 16 as the MMAC system and then 
connecting these devices to the Internet 12, Internet 
broadcasts and the like from the various contents sew- 
ers can be received by the terminal device 16. In the 
case of the MMAC system, since high-speed radio 

25- access is possible, dynamic image data can be received 
' and displayed in the terminal device 16. 

[0038] In this system, a multi -carrier signal transmis- 
sion mode referred to as an orthogonal frequency divi- 
sion multiplex (OFDM) mode is applied to radio 

30- transmission. In the OFDM mode, multi-Carrier signals 
such that a plurality of subcarriers (in this caise, rfi units 
of subcarriers: m is a relatively large value such as 32) 
■ are arf-anged at a constant frequency interval within a 
predetermined bandwidth are employed. Each trans- 

35 mission data obtained by division is aliociated to the plu- 
rality of subcarriers and each subcarher is digitally 
modulated, thus dispersing the transmission data for 
transmission. 

[0039] The structure for carrying out receiving 

40 processing and transmission processing in accordance 
with the OFDM mode will how be described. 
[0040] Fig.4 is a block diagram showing a specific 
example of the structure of a receiving processing sys- 
tem and a transmission processing system of a commu- 

45 nication terminal device 100 used as the portable 
information terminal device 16. In the communication 
terminal device- 100 shown in Fig.4. the receiving 
processing system corresponds to the receiving section 
16b and the demodulation section 16c of the portable 

50 information terminal device 16. The receiving process- 
ing system includes a low-noise amplifier 103 con- 
nected to a transmission/receiving antenna 101 through 
an antenna switch 1 02. an orthogonal detector 1 06 con- 
nected to the low-noise amplifier 103 through a receiv- 

55 ing mixer 104, a fast Fourier transform (FFT) circuit 109 
connected to the orthogonal detector 1 06 through an 
A/D 'converter 108, and a pai'allel/serial converter 110 
connected to the FFT circuit 109. 
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: ; [0041] The transmission processing- system corre- 

^ . spends to the mcdulation section 1.6e and the transmis- 
sion section 16f of tine, portable information^ terminal 
device 16.. The ;trQnsrnission processing system 
includes a serial/paraH el: converter 111 to which trans- 
mission.data is supplied; an inverse fast Fourier trans- 
form (IFFT) circuit 112 cpnnected to the serial/parallel 
converter 1 1 1 . an orthogonal modulator 1 14 connected 
to the IFFT circuit 11 2,through a D/A converter. .1 1 3, and 
a power amplifier 116 cpnnected to the orthogonal mod- 

' ulator 1 1 4 through a transmission .mlxer-1 1 5. The power 
amplifier 116 is connected to the transmission/receiving 
antenna 101 through the antenna switch .102, 
[0042] ; To the receiving mixer 104. and the transmis- 
sion mixer 115, an oscillation output :f1 l. of a first local 
oscillator 105 is supplied. To the orthogonal detector 
106 and the orthogonal modulator 114, an oscillation 
output f12 of a second local oscillator 107 is supplied. 
The oscillation frequencies of the first local oscillator 
105 and the second local oscillator 107 are controlled 
by a control section , 130, which corresponds to the cen- 
tral processing unit J6g of the portable information ter- 
minal device 16. ' 
[0043] In the receiving processing system in the com- 
munication terminal device 100 of such a structure, a 
received signal is inputted to the lovy-noise amplifier 103 
. -from the transmission/receiving antenna 1 01 through 

. the, antenna switch 102v.The; low-noise amplifier, 103 

. ; amplifi^.the received signal and supplies the signal to 
the receiving mixer -104. The receiving rnixer. 104 mixes 
. the oscillation output til of the first local pscHlator 105 
: with the received sjgna! and converts the received sig- 
nal of a pr^etermined frequency band to an intermedi- 
ate-frequency signal. . . ' 
[0044] The intermediate-frequency signal obtained by 
the receiving mixer 104 is supplied to the orthogonal 
detector 106. The orthogonal detector 106 mixes the 
oscillation output f12 of the second local oscillator 107 
with the intermediate-frequency signal and performs 
orthogonal wave detection on the - intermediate-fre- 
quency signal, thus splitting the signal into an I -compo- 
nent and a Q-component. The l-ccmponent and .Q- 
compopent detected by the orthogonal detector 1 06 are 
converted to digital data I Qq of the respective compo- 
nents by the A/D converter 108. The fast Fourier trans- 
^ form circuit 109, performs discrete Fourier transform 

. . with m points equal to the number of subcarriers by par- 
allel processing with respect to the digital data Iq. Qd 
supplied from the orthogonal detector 106 through the 
, A/D converter 108, and thus .generates parallel data of 
m symbols. . ^ i ^ 

- [0045] The parallel data of m. symbols generated by 
the fast Fouri er transform circuit 1 09 is converted to one 
sequence of serial data by the parallel/serial converter 
'110. and this serial data is supplied as received data to 
a data processing section 120. which corresponds to 
the MMAC channel coding/decoding section 16d and 
the like of the portable information terminal device 16. 



.Then; various kinds Qf data processing such as video 
display and audio . reproduction are carried out. 
. [0046]^ : On ; the. other hand, in the transmission 
processing system: in the communication . terminal 
5 :device -100, transmission data (serial data) supplied 
" from the data processing section 120 is converted to m 
units of parallel data by the serial/parallel cipnverter 1 1 1 . 
The inverse fast-F:ourier transform circuit 1.12: performs 
% inverse discrete Fourier transform with m points by par- 
70 alleLprocessirig. with, respect to the m units of parallel 
data.- and :thu5 obtains digital baseband data Iq, Qq on 
the orthogonal time bases. The baseband data Iq, Qq 
are converted to the analog format by the D/A converter 
113. thus obtaining analog signals of the l-component 
15 and Q-component. . ^ 

[0047] The orthogonal modulator 114, to which the I- 
component and Q-component signals are supplied from 
the D/A converter 113. performs orthogonal modulation 
of the l-component and Q-component signals by using 
20 the oscillation output f12 of the second local oscillator 
107 as a carrier wave. The signal orthogonally modu- 
lated by the orthogonal modulator 1 14 is mixed with the 
oscillation output f11 of the local oscillator .105 by the 
transmission mixer 1 15.. thus frequency-converting the 
25 signal to a signal of a transmission frequency band. The 
frequencyrcon verted, signal is amplified by the power 
arnplifier 116 and is then radip-transmitted from the 
" antenna 1 01 through the antenna switch 1 02. 

[0048] The s;tructure of the transmission signal proc- 
30 essed by the transmission processing system and the 
receiving processing system in the communication ter- 
rninal device 100 will now be described. : - 
M [0049] In this MMAC systerri, data having the frame 
: structure as showri Jn Fig.5, for example. Js transmitted. 
35 . [0050] ^ In one frame, a plurality of time slots are 
formed. In each time slot, a header part Tsl, an infor- 
rnatipn part Ts2. an error detection code.(GRC or cyclic 
, redundancy code) part Ts;3, and an error . correction 
code (FEC or forward error correction) part Ts4 are 
40 sequentially arranged. A predetermined number of slots 

Tl, T2 Tn (where n is an arbitrary integer) in^the 

former half of one frame are slots allocated to an uplink 
period Tu used for transmission from the terminal device 
,16 to the base station device 15: A predetermined 
45 number of slots R1 ,.R2. Rn (where n is an arbitrary 
integer) in the latter half of one frame are slots allocated 
to a downlink period -Td used for transmission from the 
. base station device, 15 to the terminal device 100: 
. [0051 ] Both in the slots of the uplink period and in the 
50 , slots of the. downlink period, transmission processing of 
multi-carrier signals of the same structure, having m 
- units of carriers is carried put. . 
[0052] Fig.6 is a block diagram showing a specific 
example of the structure of arreceiving processing sys- 
55 . tern and a transrriission processing system of a commu- 
nicatipn. terminal device 200 used as. the portable 
information terminal device .1.6. .In the communication 
. . terminal device 200 .shown - in Fig.6.. the. receiving 
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processing system corresponds; to the receiving SGclion 
16b and the demodulation section 16c of the portable 

. information terminal device 16. The receiving prooess- 

^ ing system includes a low-noise anrplifier 203 con- 
nected to a transmission/receiving antenna 201 through 
an antenna switch 202. an orthogonal detector 206 con- 
nected to the low-noise amplifier 203 througl^i a receiv- 
ing mixer 204, a fast Fourier transform (FFT) circuit 209 
connected to the orthogonal detector 206 through an 
A/D converter 208, and a parallel/serial converter 210 

: connected to the FFT circuit 2C9. 
[0053] The transmission processing system corre- 

' spends to the modulation section 16e and the transmis- 
sion section 16f of the portable information terminal 
device 16. The transmission processing system 

' includes a serial/parallel converter 211 to which trans- 
mission data is supplied, a baseband filter 212 con- 
nected to the serial/parallel converter 211. an 
orthogonal modulator 214 connected to the baseband 
filter 212 through a D/A converter 213. and a power 
amplifier 216 connected to the orthogonal modulator 
214 through a transmission mixer 215. The power 
amplifier 216 is connected to the transmission/receiving 
antenna 201 through the antenna switch 202. , 
[0054] To the receiving mixer 204 and the transmis- 
sion mixer 215. an oscillation output f11 of a first local 
oscillator 205 is supplied. To the orthogonal detector 
206 and the orthogonal modulator 2 14r an oscillation 

: output f12 of a second local oscillator 207 is supplied. 
The oscillation frequencies of the first local oscillator 
205 and the second local oscillator 207 are controlled 
by a control section 230. which corresponds to the cen- 
tral processing unit 16g of the portable information ter- 
minal. device 16. ^ 

[0055] In the receiving processing system of this com- 
munication terminal device 200, a received signal is 
inputted to the low-noise amplifier 203 from the trans- 

r mission/receiving antenna 201 through the antenna 
switch 202. The low-noise amplifier 203 amplifies the 
received signal and supplies the signal to the receiving 
mixer 204.- The receiving mixer 204 mixes the oscillation 
output f11 of the first local oscillator 205 with the 
received signal and converts the received signal of a 
predetermined frequency band to an intermediate-fre- 

^ quency signal. . 
[0056] The intermediate-frequency signal obtained by 
the receiving mixer 204 is supplied to the orthogonal 
detector 206; The orthogonal detector 206 mixes the 
oscillation output f12 of the second local oscillator 207 
with the intermediate-frequency signal and performs 
orthogonal wave detection oh the intermediate-fre- 

' quency signal, thus splitting the signal into an 1-compo- 
nent and a Q-component. The l-component and Q- 

; component detected by the orthogonal detector 206 are 
converted to digital data Iq. Qd oi the respective compo- 
nents by the A/D converter 208: The fast Fourier trans- 
form circuit 209 performs discrete Fourier transform 
with m points equal to the number of subcarriers with 



; respect to the digital data Iq. Qq supplied from the 
orthogonal detector 206 through the A/D converter 208. 
and thus generates parallel data of m symbols. The 
number of; subcarriers m is an: integer value not smaller 
5 : than 2, and in general, the value m is a relatively large 
value such as 32. 

/ [0057] : The parallel data of m symbols generated by 
^ the fast Fourier transform circuit 209 is converted to one 
• sequence of serial data by the parallel/serial converter 

10 210. and this serial data is supplied as received data to 
a data processing section 220, which corresponds to 
the MMAC channel coding/decoding section 16d and 
the like of the portable information terminal device 16. 
Then, various kinds of data processing such as video 

15 display and audio reproduction are carried out.- 

[0058] On the other hand, in the transmission 
processing system in the communication terminal 
device 200, transmission data (serial data) supplied 
from the data processing section 220 is converted to 

20 two sequences of parallel data by the serial/parallel 
* converter 211. The baseband filter 212 removes 
unwanted components from these two sequences of 
parallel data and thus generates digital baseband data 
Iq. Qd the orthogonal time bases The baseband 

25 ' data Iq, Qq are converted to the analog format by the 
D/A converter 213. thus obtaining analog signals of the 
l-component and Q-component. ■ 
[0059] The orthogonal modulator 214, to which the I- 
compcnent and Q-component signals are supplied from 

30 the D/A converter 213, performs orthogonal modulation 
: of the l-component and Q-componerrt signals by using 
- the oscillatjon output f12 of the second local oscillator 
207 as a carrier wave. The signal orthogonally mddu- 
■ lated by the orthogonal modulator 214 is mixed with the 

35 oscillation output f 1 1 of the local oscillator 205 by the 
transmission mixer 215, thus frequency-converting the 
signal to a signal of a transmission frequency band. The 
frequency-converted signal is amplified by the power 
amplifier 216 and is then radio-transmitted from the 

40 antenna 201 through the antenna switch 202: 

[0060] The communication terminal device 200 differs 
from the communication terminal device 100 shown in 
Fig;4 in that digital tiaseband data Ip. Qd are generated 
by the baseband filter 212 in the transmission process- 

45 ing system: 

[0061 ] The structure of the transmission signal which 
is radio-transmitted between the communication termi- 
nal device 200 of such a structure and the base station 
device 15 will now be described. 

50 [0062] Between the communication terminal device 
200 and the base station device 1 5, a transmission sig- 
nal having the frame structure as shown in Fig. 7 is 
radio-transmitted Specifically, one frame is prescribed 
for each predetermined time period, and a plurality of 

55 time slots are formed in one frame The frame cycle is 
synchronized with a synchronizing signal transmitted 
from the base station device 15, for example. In each 
time slot, a signal is transmitted in which a header part 
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Tsl. an information part Ts2, a CRC (error detection 
code) part Ts3. and an.EEG (error correction code) part 
; . Ts4 are sequentially arranged. i 

[0063] The maximurh number of effective symbols that 
can be transmitted 1n the infoi'mation part Ts2 of one 
slot is set at k 

[0064] In this case, the TDMA/TDD mode is applied as 
an access mode. The same frequency, band is used 
both in an up link from the communication terminal 
device 200 to the base station device 15 and in a down 
link from the base station device 15 to the communica- 
tion terminal device 200, In the up link and the-:down 
link, different time slots of one frame are time<livision- 
ally used. 

[0065] A predetermined number of slots T1 . T2. .... Tn 
(where n is an arbitrary integer) in the former half of one 
frame are slots for an uplink period Tu and therefore are 
slots used for transmission of the up link from the termi- 
nal device 200 to the base station device 15. A predeter- 
mined number of slots R1, R2; .... Rn (where n is an 
arbitrary integer) in the tatter half of one frame are slots 
for a downlink period Td and therefore are slots used for 
transmission of the down link from the base -station 
device 15 to the terminal device 200. - : 
[0066] For a signal which is radio-transmitted from the 
communication terminal device 200 to the base station 
device 15 in any one of the :Slpts T1 to Tn prepared for 
the uplink period Tu.: a band capable, of transmitting a 
, multi-carrier signal having , m /units of carriers is pre- 
i pared.as a transmission band. . However, orily one , sub- 
carrier (in this case, a subcarrier fm arranged at the 
end) is transmitted, and the data ot the up. link is trans- 
mitted as a single-carrier signal using only .this, subcar- 
• her fni. . In this case, the number of effective symbols 
. transniitted in one slotis k/m.' • v 

; [0067] A signal of the down link which is radio-trans- 
mitted from the base station device 15 to the communi- 
cation terminal device 200 in any one of the slots R1 to 
Rn of the downlink period Td is a multi-carrier signal 
having m units cf carriers and has data with the number 
of effective symbols equal to k. . 

[0068] In the uplink period Tu, the slot position for 
transmitting data of the up link from the communication 
terminal device 16 to the base station device 15 may be 
set as shown in Fig. 8. Specifically, a predetermined 

. number of slots (in this case, slots T1 . T4, ... at an inter- 
val of every three slots) of a plurality of slots TT, T2 

Tn constituting the uplink period are set as low-speed 
slots T|_, and the remaining slots are set as high-speed 
slots T^, as shown in Fig. 8. In transmitting a signal of 
the up link to the base station device 15 from the com- 
munication terminal device 200 which transmits a sin- 

. gle-carrier signal by . using only one sutx:arrier as the up 
link, the low-speed - slots . Tl are used; On the other 
hand, in the case of the communication terminal device 
100 which transmits a multi-carrier signal with the 
number of carriers equal to m as a signal of the up linK 
the high-speed slots Th are used. 



[0069] In receiving a signal of the up link on the side 
: . of the base station device 15 under the control of the 
..central processing unit 15e. at the slot position set as 

- the high-speed slot Th.- m-point discrete Fourier trans- 
5 := form processing is carried out by a fast Fourier trans- 

. form, circuit of the demodulation section 15k in the 
. receiving system and a multi-can-ier signal with the 
. number of carriers equal to m is demodulated. At the 
slot position set as the low-speed slot Tl. a received sig- 
70 nal of only one carrier, is demodulated. 

[0070] As another structure for transmitting data of the . 
^ up link from the communication terminal device 200 to 
: the base station device 15 in the uplink period Tu. both 
transmission of a single-can-ier signal from the commu- 
15 nication terminal device 200 and transmission of a 
multi-carrier signal from the : communication terminal 
device 100 may be made possible in any slot of the plu- 
ral slots Tl . T2. .... Tn constituting the uplink period, as 
shown in Fig.9. • . : • 
20 [0071 ] In the case where transmission of both a single 
carrier-signal.and a multi-carrier signal is made possible 
^ a teach slot, the state of the received signal is discrimi- 
nated on the side of the base station device 15. 
[0072] Rig. 10 is a block diagram showing a specific 
25. ' example of the structure of a receiving processing sys- 
: tern and a transmission processing system of a base 
^ station device 150 used as the MMAC base station 
r djBvice. 15 in this case. In this base station device 150. 
. the receiving processing system corresponds to the 
30, . receiving section 15j arxJ the demodulation section 15k 
^ of the MMAG base station device 15. The receiving 

- processing system Includes a low-noise amplifier 153 
. .connected to. a transmission/receiving antenna 151 

through an antenna switch 152, an orthogonal detector 
35. 156 connected to the Jow-noise amplifier 1 53 through a 
■■ receiving mixer 154, a parallel-serial converter 159 and 
. a fast Fourier transform (FFT) circuit 160 connected to 
the orthogonal detector 156 through an A/D converter 
; .158, a parallel/serial converter 161 connected to the 
40 FFT circuit 160, and a discrimination and selection cir- 
cuit 162 connected to the parallel/serial converters 159 
. and 161. v .r . 

« [0073] The transmission processing; system corre- 
sponds to the modulation section 1 5g and the transmis- 

45 sion section 15h of the MfVIAC base station device 15. 
The transmission processing system includes, a 
serial/parallel converter .1 71 to which transmission data 
is supplied, an inverse fast Fourier transform (IFFT) cir- 
cuit 1 72 connected to. the serial/parallel converter. 171, 

50 an orthogonal modulator. 1 7.4 connected to the IFFT cir- 
cuit 172 through a D/A converter 173. and . a . power 
arnplifier 176 connected to. the orthogonal modulator 
174 through a transmission mixer 175. The power 

- amplifier 176is co.nneeted.4o the transmission/receiving 
55 antenna 151 through the ariterina switch 152. 

[0074] To^the receiving ^ mixer 154 and the transmis- 
sion mixer 1 75, an oscillation output fl 1 of a first local 
oscillator 155 is supplied. To the orthogonal detector 
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156 and the orthogonal modulator '174, an osciliation 
output f12 of a second local oscillator 157 is supplied. 
The oscillation frequencies of the first local oscillator 
155 and the second local oscillator 157 are controlled 
by a control section 190. Which corresponds to the cen- 
tral processing unit 15e of the MM AC base station 
device 15. 

[0075] In the receiving processing system of the base 
station device 150 of such a structure, a received signal 
is inputted to the low-noise aimplifier 153 from the trans- 
mission/receiving arttenna 151 through the antenna 
switch 152. The low-noise amplifier 153 amplrfies the 
received signal and supplies the signal to the receiving 
mixer 154. The receiving mixer 1 54 mixes the oscillation 
output f11 of the first local oscillator 155 with the 
received signal and converts the received signal of a 
predetermined frequency band fO to an intermediate- 
frequency signal. 

[0076] The intermediate-frequency signal obtained by 
the receiving mixer 154 is supplied to the orthogonal 
detector 156. The orthogonal detector 156 mixes the 
oscillation output f12 of the second local oscillator 157 
with the intermediate-frequency signal and performs 
orthogonal wave detection on the intermediate-fre- 
quency signal, thus splitting the signal into an i-cbmpo- 
nent and a Q-component. The l-component and Q- 
component detected by the orthogonal detector 1 56 are 
converted to digital data Ip, Qd oi the respective compo- 
nents by the A/D converter 158. The parallel/serial con- 
verter 1 59 converts the digital data l[> Qd supplied from 
the A/D converter 158 to one sequence of serial data 
and supplies this serial data to the discrimination and 
selection circuit 162: The fast Fourier transform circuit 
160 performs discrete Fourier transform with m points 
equal to the number of subcanriers with respect to the 
digital data Iq, Qq stpplied from the A/D converter 1 58 
and thus generates parallel data of m symbols. The par- 
allel/serial converter 161 converts the parallel data of m 
symbols generated by the fast Fourier transform circuit 
160 to one sequence of serial data and supplies this 
serial data to the discrimination and 'selection circuit 
162. 

[0077] The discrimination and selection circuit 162 
includes an error correction circuit 181 to which serial 
data is supplied from the parallel/serial converter 159. 
an error correction circuit 182 to which serial data is 
supplied from the parallel/serial converter 161, a data 
selection circuit 183 to v/hhch two sequences of serial 
data with errors corrected by Uie error correction circuits 
181, 182 are supplied, error detection circuits 184. 185 
for carrying out error detection of the two sequences of 
s'erial data with errors corrected by the error correction 
circuits 181. 182. and a discrimination circuit 186 to 
which error detection outputs of the error detection cir- 
cuits 184. 185are siuppliedi as shown in Fig.1l. 
[0078] The error eorr-ection circuits 181, 182 carry out 
error correction based on an error correction code (FEC 
or forward error correction) appended to each slot with 



respect to the two sequences of serial data supplied 
from the parallel/serial converters -159, 161. and supply 
two sequences of error-corrected Serial data to the data 
selection circuit 183. The erroV detection circuits 184, 

5 185 carry out error detection based on an error detec- 
tion code (CRC or cyclic redundancy code) appended to 
each slot with respect to the two sequences of serial 
data with en-ors corrected by the error correction circuits 
1 81 , 1 82, and supply error detection outputs indicating 

w errors included in the two sequences of error-corrected 
serial data to thediscriminatton circuit 186. The discrim- 
ination circuit 186 compares the error detection outputs 
from the error detection circuit .184, 185 so as to dis- 
criminate which sequence of serial data is the data con- 

15 sidered to be correct received data, and controls the 
selection circuit 183 on the basis of the result of discrim- 
ination. 

[0079] The discrimination and selection circuit 162 
supplies the sequence of serial data selected by the 
20 data selection circuit 183 as received data to a data 
processing section 180, which corresponds to the 
MMAC channel coding/decoding section 15d of the 
base station device 1 5. 

[008G] On the other hand, in the transmission 

25 processing system in the base station device 150, 
tiansrhission daita (serial data) supplied from the data 
processing siection 180 is converted to m units of paral- 
lel data by the seriai/parallerconverter 171. The Inverse 
fast Fourier trarisforrh circuit 172 performs inverse dis- 

30 Crete Fourier trahsforhi with m points with respect to the 
^ m units of parallel data ^hd thus generates digital base- 
band data'lQi Qq Otv the orthogonal time bases. The 
baseband data Iq.^ are converted to the analog for- 
mat by -the D/A converter 1 73; thus bbtaihing analog 

35 Signals of the l-corhponent arid Q-c6rriponeht. 

[0081]= The orthogonal modulator 174, lb which the I- 
component and Q-component signals are supplied from 
the D/A converter 1 73. performs orthogonal modulation 
of the l-component and Q-component signals by using 

40 the oscillation output fl2 of the siecond local oscillator 
157 as a carrier wave. The signal orthogonally modu- 
lated by the orthogonal modulator 174 is mixed with the 
oscillation output f11 of the local oscillator 155 by the 
transmission mixer 1 75, thus frequency-converting the 

45 signal to a signal of a transrriission frequency band. The 
frequency-converted signal is amplified by the power 
amplifier 1 76 and is then radio-transmitted to the termi- 
nal device 1 6 from the antenna 1 51 through the antenna 
switch 152. 

50 [0082] ' An exemplary control sequence in carrying out 
communication between the base station device 15 and 
the terminal device 16 in the data communication sys- 
tem thus constituted will now be described with refer- 
ence to Fig. 12; In Fig. 12, the left side is the side of the 

55 terminal device 16 and the right side is the side of the 
base station device 15! Both the terminal device side 
and the base station device side' can access their 
respective control channels- and communication chan- 
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ne!s. In Fig. 12, transmission of signals indicated by a 

- bold an-Qw^is transmission using -a high-speed access 
K. circuit (slot) with the number of carriers m; and trans- 
mission of signals indicated by a lean arrow is transmis- 
sion using a low-speed access circuit (slot) with a single 
carrier- . - 

[0083] From the base station device 15. a control sig- 
nal SI for each terminal device 16 to wait is intermit- 
tently sent in a control channel slot of the down link. On 
' the side of the terminal. device 16. the oontrol signal SI 
- is intermittently received. By such intermittent reception 
at the time of waiting, in the case where the communica- 
tion terminal device Is driven by a battery provided 
therein, the duration of.the battery can be elongated. 
[0084] . On the side of. the terminal devices 16, in 
requesting transmission of a signal, a link channel 
establishment request signal 32 is transmitted in a con- 
trol channel slot of the up link. If the terminal device 16 
which requested transrnission of a signal is the.terminal 
device 200 for transmitting a single-carrier signal in the 
up link as shown in Rg.6, the link channel establishrnent 
request signal 32 is transmitted by using a low-speed 
access circuit (slot) with a single carrier. Qnr.the.side of 
the base station device 15, when the link chanriel estab- 
lishment request signal 32 is received, it , is. discrimi- 
nated whether the signal is a low-speed access: signal 
(that is. transmission of a single-carrier signal) or a high- 
; , speed access signal (that is. transmission of a rnulti-car- 
: .her. signal .with m. carriers). For example, in the case 
. where the slots of the uplink period are divided into low- 
speed access, slots ..and high-speed access -slots as 
shown in Fig.8, whether it is low-speed access or high- 
speed, access can t)e discrirninated: from the^slpt posi- 
tion where the signal is received. On tt^e other hand, if 
each slot- is usable both for low-speed access and for ; 
high-speed access as shown in Fig.9. whether it is low- 
speed access or high-speed access is discriminated on 
the basis of the result of error detection with respect to 
a demodulation output conformable to each mode, as in 
the base station device 150 shown in Rg.10. 
[OQBS] After this access discrimination, a link channel 
allocation signal 33 is trarrsmitted to notify of an unoc- 
cupied communication channel. In response to this noti- 
fication, on the side, of the terminal device 16, 
communication is shifted to a designated communica- 
tion channel (slot) and a synchronizing signal 34 is 
transmitted in that communication channel. At this point, 
since it is known on the side of the base station device 
1 5 that the signal from the communication terminal 
. device 16 is a low-speed access signal or a high-speed 
access signal (in this example, a low-speed access sig- 
. nal). the signal can .be demodulated. A synchronizing 
signal 35 is transmitted from the side of the base station 
device, too. and synchronization between both sides is 

- established. ... 

' [0086] . After that, a call control signal 36 for setting 
and acceptance of the connection destination 's trans- 
mitted and received between both sides. Then, the com- 



. munication shifts to „the communication state, for 
, trapsmftting main data 37 in a data service such as 
Internet access: dynamic image, server access, video- 
onrdemand, or Internet broadcast. Also, in this commu- 

5 . nication state; low-speed access is carried out in the up 
link and high-speed access: is earned out only in the 
down link. In the example of Fig. 12. low-speed access is 
carried'Out in the up Jink from the terrninal device 16. 
. However, if, high-speed acce^ is carried out in.the up 

w link .from the terrninal device 16, a low-speed, access 
s.ignal is simply changed to ^ high-speed access signal 
. in. the control sequence. ^ 
[0087] r. Since the terminal device. 16. employs the struc- 
ture for carrying out tow-speed access in the up link; the 

15 burden on the hardvyare of the transmission processing 
system in the terminal device 16 can be reduced and 
efficient transmission can be realized.- Specifically, in 
the communication terminal device 100 for carrying out 
transmission prociessing of a multi-carrier signal, the 

20 power amplifier 11 6. of the transmission section needs 
to have broad linearity. However, in the power amplifier 
; 216: of; the transmission section of the communication 
terrninaj device 200 shown in Fig.1, it suffices to carry 
out amplification processing of a single-carrier signal. 

25 and an arnplifier requiring no broad linearity and thus r^^\ 
haying high power efficiency can be used. Therefore. w 
the structure of-the terminal device 16 can be simplified. m 
- Thus, if thelerminal device 1 6 is driven by a battery, the ^iv ^^ 
power required -for transmission processing can , be ^f?^ 

30...reduced ancl^reduction in dissipation power (that is. 
. elongation of duration of the battery) can be realized. ^ ^ 

[0088] In this case, the signal at the time of low-speed . v t 
: access in the up link has such a format that a part of a ■ ^ f 
plurality of subcarrijers constituting a multi-carrier signal , -i^ 

35 is thinned out-. Therefore, on the side of the base station >r^ ; 
device 15. the processing is not very different from the - - 
processing at the time of receiving a transmission signal 
of high-speed access (that is, only fast Fourier trans- 
form is changed or the like). Thus, an asymmetrical 

40 radio data communication system having a less infor- 
mation quantity in the up link and carrying out high- 
speed access in the down link can be efficiently real- 
ized. ; , , . : ' ^ 
[0089] Jn the case where low-speed access is carried 

45 - out in the up link as in this example, the quantity of data 
that can be transrnitted from the terminal device 16 to 
the base station device 15 is reduced accordingly. In the 
case of the MMAC cpmriiunication system or the like to 
which this example is, applied, transmission in the down 

50 link is transmission of data of Internet access, dyr^mic 
image sewer access,- ;videp-on<lemand or Internet 
broadcast and therefore .^requires, a large transmission 
capacity. However, transniission in the up link^is trans- 
mission of data irvdicating- execution of these. accesses 

55 and data having a/elativejy small data quantity such as 
electronic mail data. Therefore, there is little inconven- 
ience in the lovy-speed access in the up link. 
[0090]- Also, in this data communication system, a ter- 
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minal device 300 having the structure as bhcwn in 
Fig. 13 may be used as the terminal device TS:~ In the 
; communication terminal device 300 shown tri Fig.13, 
, the receiving processing system corresponds to the 
receiving section 16b arxJ the demodulation section 16c 
of the portable information terminal device 16. The 
receiving processing ^system includes a, low-noise 
amplifier 303 connected to a transmisf.ion/rec6iving 
antenna 301 through an antenna switch 302. an orthog- 
onal detector 306 connected to the low-noise amplifier 
303 through a receiving mixer 304; a fest Fourier trans- 
form (F FT) circuit 309 connected to the orthogonal 
detector 306 through an A/D converter 308. arxJ a par- 
allel/serial converter 310 connected to the FFT. circuit 
309. 

[0091] The transmission processing system corre- 
sponds to the modulation section 1 6e and the transmis- 
sion section 16f of the portable information terminal 
device 16. The transmission processing system 
^ includes a serial/parallel converter 311 to which trans- 
mission data is supplied, an inverse fast Fourier trans- 

- form (I FFT) circuiti312 connected to the serial/parallel 
converter 31 1 , an orthogonal modulator 314 connected 
to the IFFT circuit 312'through a D/A converter 313. and 
a power amplifier 316 connected to the orthogonal mod- 
ulator 314 through a transmission mixer 31 5. The power 
amplifier 31 6 is connected to the trainsmission/receiving 

- antenna 301 through the antenna switch 302. 

: [0092] To the receiving mixer 304 and the transmis- 

- sion mixer 315, an oscillatiiDn output fit of a first local 
oscillator 305 is supplied. To the orthogonal detector 
306 and the orthogonal modulator 314, an oscillation 
output f 12 of a second local oscillator 307 is supplied. 
The oscillation frequencies of the -first local oscillator 
305 and the second local oscillator 307 are controlled 
by a control section 330, which corresponds to the cen- 
tral processing unit 16g of the portable information ter- 
minal device 16. ^ ' - 

[0093] In the receiving processing system in the com- 
munication terminal device 300 of such a structure, a 
received signal is inputted to the low-noise amplifier 303 

" from the transmission/receiving antenna 301 through 
the antenna switch 302. The low- noise amplifier 303 
amplifies the received signal and supplies the signal to 
the receiving mixer 304. The receiving mixer 304 mixes 

' the oscillation output f11 of the first local oscillator 305 

- with the received signal and converts the received sig- 
nal of a predetermined frequency band to an intermedi- 
ate-frequency signal. ~ ' 

[0094] The intermediate-frequency signal obtained by 
. - the receiving mixer 304 is supplied to the orthogonal 
detector 306. The orthogonal detector 306 mixes the 
oscillation output f12 of the second local oscillator 307 
with the intermediate-frequency signal and performs 
orthogonal wave detecticri on the intermediate-fre- 
quency signal, thus splitting the signal into an l-c6mpo- 
nent and a Q^omponent. The l-compdneht and Q- 
component detected by the orthogonal detector 306 are 



converted to digital data Iq. Qp of the respective compo- 
nents by the A/D converter; 308. The fast Fourier trans- 
form, circuit 309 performs discrete Fourier transform 
with m points equal to the number of subcarriers by par- 
5 ' allel processing with respect to the digital data Iq, Qq 
supplied from the orthogonal detector 306 through the 
^ A/D converter 308. and thus generates parallel data of 
msymkx)ls. 

[0095] The paraltel data of m symbols generated by 

10 the fast Fourier transform circuit 309 is converted to one 
sequence of serial data by the parallel/serial converter 
310. and this serial data is supplied as received data to 
a data processing section =320. which corresponds to 
the f^MAC channel coding/decoding section 16d and 

15 the like of the portable infoi^mation terminal device 16. 
Then, various kinds of data processing such as video 
display and audio reproduction are carried out. 
[0096] On the other hand, in the transmission 
processing system in the communication terminal 

20 device 300. transmission data (serial data) supplied 
from the data processing section 320 is converted to j 
units of parallel data by the serial/parallel converter 311. 
(The value of j is a value corresponding to the number of 
carriers j of a multi-carrier signal to be transmitted, and 

25 is an intisger value smaller than the number of carriers 
m of the multi-carrier signal of the down link.) The 
inverse fast Fourier transform circuit 312 performs 
inverse disci^ete Fourier tiransform with j points by paral- 
lel processing wrfri respect to the j units of parallel data. 

30 araj thus obtains digital baseband data 16. Qd 
'- *6rthogohial time bases. The baseband dma l5,-Qb are 
converted to ihe Analog format by the D/A converter 
313, thus obtaining analog signals Of the l-component 
and Q-component. 

35 : [0097] The orthogonal modulaEor 31 4," to which the I- 
component and Q-compbnent signals are supplied from 
the D/A converter 31 3. performs orthogonal modulation 
of the l-component and Q-componerit signals by using 
the oscillation output fl2 of the secorxl Ideal osciHator 

40 307 as a carrier wave:' The signal orthogonally modu- 
lated by the orthogonal modulator 314 is mixed with the 
oscillation output f11 of the local oscillator 305 by the 
transmission mixer 315, thus frequency-converting the 
signal to a signal of a transmission frequency band. The 

45 frequency-converted signal is amplified by the power 
amplifier 316 and is then radio-transmitted from the 
antenna 301 through the antenna switch 302. 
[0098] The communication terminal device 300 differs 
from the terminal communication device 100 shown in 

50 Fig.4 in that transmission data (serial data) in the trans- 
mission processing system is converted to j units of par- 
allel data by the serial/parallel converter 31 1 and Is then 
processed with inverse discrete Fourier transform by 
the inverse Fourier transform circuit 312, thus obtaining 

55 digital baseband data Iq, Qd on the orthogonal time 
bases. ^ . - .. • . 

' [0099] ' By carrying out such transmission processing, 
the signal of the up link transmitted from the communi- 
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cation terminal device SCO to the base station device 1 5 
, is changed to a multi-carrier signal with the. number of 
•r > subcarriers equal to. j. The value of j is smaller than the 
number of subcarriers m in, the down link, as described 
above. To facilitate FFTprocessing and the like, it is pre- 
ferred that the value of j is the power of 2. For example, 
if m is 32, j =s set to be. 4. In ttie following description^ j = 
4 is employed. 

[0100] As the MM AC base station device 15 corre- 
sponding to the communication terminal . device 300 

' having the above<lescrib6d structure, a base station 
device 250 having the.structure as shown in Fig. 14 is 
used. In this base station device 250..shown in Fig. 14. 
the receiving processing system corresponds" to the 
receiving section 15j and the demodulation section 15k 
of the MMAC base station device 15. = The receiving 
processing system .includes a low-noise amplifier 253 
connected to a transmission/receiving antenna. 251 
. through an antenna switch 252. an orthogonal detector 
256 connected to the low-noise amplifier 253 through a 
receiving mixer 254, fast Fourier transform (FFT) . cir- 
cuits 259. 261 connected to the orthogonal detector 256 
through an A/D converter 258, and a discrinr>ination and 
selection circuit 263 connected to the FFT circuits. 259, 
- 261 through parallel/serial converters 260. 262; respec- . . 
tively: - \ . :: 

[0101] : The, transmission processing system corre- 
spends to the .modulation section 15g,and the transnnis- 

. siori section I5h of the MMAC base station^device 15. 

." The transmission -processing system includes, a 

• - serial/parallel converter 271' to which transmission data 
is. supplied, an inverse fast Fourier transfer rri ( I FffT) cir- 
. cuit 272 connected to the serial/parallel. converter 271, 
an orthogonal modulator 274 connected,to the 1FFT. cir- 
cuit 272 through:.a P/A converter 273. rand a power 

- amplifier. 276 connected to the orthogonal modulator 
274 through a transmission mixer -275.. The; power 
amplifier 276 is corinected to the transmission/receiving 
antenna 251 through the antenna switch 252. 
[0102] To the receiving mixer 254 and the transmis- 
sion mixer 275, an oscillation output fl 1 of a first local 
oscillator 255 is supplied. To the orthogonal detector 
256 and the orthogonal modulator. 274. an oscillation 
output f12 of a second local oscillator 257 is supplied. 
The oscillation frequencies of the first local oscillator 
255 and the second local oscillator 257 are controlled 
by a control section 290, which corresponds to the cen- 
tral processing unit 15e of the MMAC base station 
device 15. . 

[0103] In the receiving processing system of the base . 
station device 250 of such a structure, . a received signal 
is inputted to the low-noise amplifier 253 from the trans- 
mission/receiving antenna 251 through the antenna 
switch 252. The low-noise anrplifier 253 amplifies the 
received signal and supplies the signal to the receiving 
mixer 254. The receiving mixer 254 mixes the oscillation 
output. Ill of the first local oscillator 255 with the 
received signal and converts the received signal of a 



predetermined. frequency band fO to an intermediate- 
: frequency signal. 

[01 04] The intermediate^frequency signal obtained by 
' the receiving mixer 254 is' supplied to the orthogonal 
5 detector 256. The orthogonal detector 256 mixes the 
~ oscillation output f 12 of the second local oscillator 257 
' with the intermediate-frequency signal and performs 
orthogonal' wave detection on the intermediate-fre- 
quency signal, thus splitting the signal into an l-compo- 
70 nent and a Q-component. The l-component and Q- 
component detected by the orthogonal detector 256 are s 
convierted to digital data Iq. Qd of the respective compo- 
nents by the A/D converter 258. The first fast Fourier 
transform circuit 259 performs discrete Fourier trans- 
15 form with m points equal to the maximum number of 
subcarriers with respect to the digital data lo Qq sup- 
■ plied from the A/D converter 258 and thus generates 
parallel data of m symtxDis. The parallel/serial converter 
,260 converts the parallel data of m symbols supplied 
20 from the first fast Fourier transform circuit 259 to one 
sequence of serial data and supplies this serial data to 
^ the discrimination and selection circuit 263 .'The second 
- fast Fourier transform circuit 261 performs discrete Fou- 
rier transform with j points (in this case, four points) with 
25 . respect to the digital data Iq. Qo supplied from the A/D 
converter 258 and thus generates parallel data of j sym- 
; tols (four, symbols). The parallel/serial converter 262 
converts the parallel data of j symbols supplied from the 
second, fast Fourier transform, circuit 261 to one 
30 '.. sequence of serial data and supplies this serial data to 
. the.discrimination and selection circuit 263. 
: [0105] : In the^diserimination and selection circuit 263, 
it is discriminated which sequence of serial data of the 
' two sequences of serial data supplied from the paral- 
35 lel/serial converters 260. 262 is the data considered tp 



. be correct received data, and the disainiinated " 
. sequence of serial data is selected as received data and 




supplied to a data processing section 280. which corre- .1 
spends to the MMAC channel coding/decoding section ' 
40. l5d of the base Station device 15. . ' 

[0106] On- the other hand; in the transmission 
. processing system in the base station device 250. 
trarnsmission data (serial data) supplied from the data 
processing section 280 is converted to m units of paral- 
45: lei data by the serial/parallel converter 271 . The inverse 
fast Fourier transform circuit 272 performs inverse -dis- 
crete Fourier transforrn with m points .vyith respect to the 
. ' m units of parallel data arid thus generates digital base- 
band data Iq. Qq on the orthogonal time bases. The 
50 baseband data \q, are converted to the analog, for- 
mat by the D/A converter 273, thus obtaining analog 
• signals of the l-component and Q-component. -> • » 

[01 07] The orthogonal modulator 274. to which the I- 
. . component and Q-component signals are supplied from 
55. ., the D/A converter 273. performs orthogonal modulation 
of the l-cqrnponent arxJ Q-corriponent signals by using 
the oscillation output f12 of th.e second local oscillator 
- 257 as a.Cjarrier wave. The signal orthogonally modu- 
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lated by the orthogonal modulator 274 is mixed with the 
oscillation output f1 1 of the locat oscillator 255 by the 
transmission mixer 275, thus frequency-converting the 
signal to a signal of a transmission frequency band. The 
frequency-converted signal is amplified by the power 
amplifier 276 and Is then radio-transmitted to the termi- 
nal device 16 from the antenna 251 through the antenna 
switch 252. 

[0108] The base station device 250 differs from the 
base stationdevice 150 shown in Fig. 10 in that the par- 
allel data of m symbols generated by the first fast Fou- 
rier transform circuit 259 from the digital data l^, Qq 
supplied from the A/D corWerter 258 is converted to one 
sequence of serial data by the parallel/serial converter 
260 while the parallel data of j symbols generated by the 
second fast Fourier transform circuit 261 is converted to 
one sequence of serial data by the parallel/serial con- 
verter 262. 

[0109] Between the communication terminal device 
300 having the structure as shown In Fig. 13 and the 
base station device 250 having the structure as shown 
in Fig. 14, a transmission signal having the frame struc- 
ture as shown in Fig. 15 Is radio-transmitted. Specif i- 
cally. one frame is prescribed for each predetermined 
time periodr and a plurality of time slots are formed In 
one frame. The frame cycle is synchronized with a syn- 
chronizing signal transmitted from the base station 
device 250. for example. In each time slot, a signal is 
transmitted in which a header part Tsl . an information 
part Ts2. a CRC (error detection code) part Ts3, and an 
FEC (error correction code) part Ts4 are sequentially 
arranged." 

[01 1 0] The maximum number of effective symbols that 
can be transmitted in the information part Ts2 of one 
siot is set at k. 

[Oil 1] In this case, the TDMA/TDD mode is applied as 
an access mode. The same frequency band Is used 
both in an up link from the communication terminal 
device 300 to the base station device 250 and in a down 
link from the base station device 250 to the communica- 
tion terminal device 300. In the up link and the down 
link, different time slots of one frame are time-division- 
ally used. A predetermined number of slots T1, T2, .... 
Tn (where n is an arbitrary integer) in the former half of 
one franie are slots for an uplink period Tu and therefore 
are slots used for transmission of the up link from the 
terminal device 300 to the base station device 250. A 

predetermined number of slots R1, R2 Rn (where n 

Is an arbitrary integer) in the latter half of one frame are 
slots for a downlink period Td and therefore are slots 
used for transmission of the down link from the base 
station device 250 to the terminal device 300. 
[01 1 2] For a signal which Is radio-transmitted from the 
communication terminal device 300 to the base station 
device 250 in any one of the slots T1 to Tn prepared for 
the uplink period Tu. a band capable of transmitting a 
multi-carrier signal having m units of carriers is pre- 
pared as a transmission band. However, only j units (In 



this case, four units) of subcarriers f1 . fa, fb, fm atasub- 
^ stantially equal interval are transmitted, and the data of 
the up link Is transmitted as a multi-cater signal using 
only these j (four) subcarriers/- In this case, the number 

5, of effective symbols transmitted in one slot is kxj/m. 
However, in some cases,; a multi-carrier signal made up 
of ,m subcarier signals from the terminal device 16 hav- 
ing the structure different from that of Fig. 13, for exam- 
. pie, the communication terminal device 100 shown in 

10 Fig.4,.and a single-carrier signal from the communica- 
tion terminal device 200 shown in Fig.6 may be trans- 
mitted in the up link. 

[0113] A signal of the down link which is radio-trans- 
mitted from the base station device 250 to the commu- 
75 nication terminal device in any one of the slots R1 to Rn 
of the downlink period Td is a niulti-carrier signal having 
m units of carriers and has data with the number of 
effective symbols equal to k. 

(0114] In the uplink period Tu, the slot position for 

20 transmitting data of the up lirtk from the communication 
terminal device of this example to the base station 
device may be any slot position, since in the case of the 
" base station device 250 having the structure as shown 
in Fig. 1 4, demodulation of the multi-carrier signal with m 

25 subcarriers and demodulation of the multi-carrier signal 
with j subcarriers are simultaneously carried out so that 
the correctly demodulated signal is selected. (In actual 
communication, transmission is carried out iat the slot 
position designated from the base station device 250.) 

30 [01 1 5] - In the case where the position of the low-speed 
slot and the position of the high-speed slot are'predeter- 
mined as shown in Fig.8, the number of subcarriers can 
- be determined from the slot position iecelved in the 
base station device 1 5. in the strudijre of the base sta- 

35 Won device 15, the plural fast Fourier transfdi^m circuits 
259. 261 as in the base station device 250 shown in 
Fig.14 need hot be provided, and the number of trans- 
form points in carrying out discrete Fourier transform 
processing by one fast Fourier transform circuit may be 

40 changed between m points 3nd j points in accordance 
with the receiving slot position. 

[0116] - As is described above, In the communication 
terminal device 16 employing the structure for carrying 
out low-speed access in the up link, the burden on the 

45 hardware of the transmission processing system can be 
reduced and efficient transmission can be realized. 
Specifically, in the corhmunication terminal device 300 
shown in Fig. 13, a multi-carrier signal is transmitted 
both in the down link and In the up link, but the number 

50 of subcarriers of the multi-carrier signal in the up link Is 
reduced. Therefore, it suffices that the power amplifier 
316 of the transmission section processes a signal of a 
narrower band, and an amplifier requiring no broad line- 
arity and hence having high power efficiency can be 

55 used, thus enabling simplification of the structure. Thus, 
the power required for transmission processing can be 
reduced, and if the communication terminal device 1 6 is 
driven by a battery, reduction in dissipation power (that 
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. is, elongation of duration ofithe battery). can be realized. 

- [0117] Particiilariyv in the communication terminal 
^: device 300, the number of subcarriers of the up link is 
made significantly smatlfer than the number of subcarri- 
ers of the dov^n link (for example. m = 32 and j =-4), and 
the signal having less subcai'riei'S is dispersed substan- 
tially uniformly within the band for transmission. By 
doing so, the burden on the power amplifier 316 in the 
transmission system can be significantly reduced, and 
the data is dispersedly transmitted within the band in 
comparison with the case where a single-carrier signal 
is transmitted as in the communication terminal 200 of 
Fig. 6, Therefore, even when there is :an. error in trans- 
mission of a signal having a subcarrier of a.specified fre- 
quency, the error, can be corrected by using an error 
correction code or the like, and the advantage proper to 
the multi -carrier signal can be utilized. o . 
[01 18] In the foregoing example, the value of j is sig- 
nificantly srnaller than the value of m. However, if the 
value of j is at least smaller than the value of m. the 
above-described effect of efficiency improvement of the 
power amplifier can be realized. . . 

[01 1 9] Moreover, in the data communication system of 
this embodiment, a base station device 350 having the 
structure as shown in Fig. 16 maybe used as the MM AC 
base station device 15. . ... .o - 

[0120] / In this base station device 350 shown in Fig. 16. 
^ the receiving processing system corresponds : to the 
receiving s;ection 15j and the demodulation section 15k 
; of the MMAC base station device 15. The ? receiving - 
processing systenri includes a:- low-noise arnplrfier 353 

. connected to a transmissiori/receiving :antenna 351 
. through an antenna switch 352; an orthogonai detector 

. 356 connected to the low-noise anpjifier 353 through a 
recei^/ing , mixer, 354, A/D converters 360. 361 con- 
• nected to the orthogonal detector 356 through low-pass 
: filters 358i 359, fast Fourier transform (FFT) circuits 
362; 363 connected to the A/D converters 360, 361 , and 
a discrimination and selection; circuit 370 connected to 
the FFT circuits 362. 363 through parallel/serial convert- 
ers 364. 365, respectively. , 

[0121] The transmission processing system corre- 
sponds to the modulation section 1 5g and the transmis- 
- sion section 15h of the MMAC base station device 15. 
The transmission processing system includes a 
, serial/parallel converter.371 to which transmission data 
is supplied, an inverse fast Fourier transform (IFFT) cir- 
cuit 372 connected to the serial/parallel converter 371, 
an orthogonal modulator 374 connected to the IFFT cir- 
cuit 372 through a D/A converter 373, and a power 
amplifier 376 connected to the. orthogonal modulator 
374 through a transmission mixer 375. The power 
amplifier 376 is connected to the transmission/receiving 
antenna 351 through the antenna switch 352, 
[0122] To the receiving mixer 354 and the transmis- 
sion mixer 375, an oscillation output f11. of a first local 
oscillator 355 is supplied. To the orthogonal detector 
356 and the orthogonal niodulator 374, . an oscillation 



■ output,f12 of a second local oscillator 357 is supplied. 
The" dscinatk5n frequencies of the first local oscillator 
355 and the second local oscillator 357 are controlled 
by a control section 390, which conesponds to the cen- 
5- tral. processing unit 15e of the MMAC base station 
device 15. - : ~ . 

[01 231 = the receiving processing system of the base 
station device 350 of such a structure, a received signal 
. is inputted to the low^noise amplifier 353 from the trans- 

10 mission/receiving antenna 351 through the antenna 
switch .352. The low-noise amplifier 353 amplifies the 
received signal and supplies the signal to the receiving 
mixer .354; The receiving mixer 354 mixes the oscillation 
output f11 of the -first local oscillator 355 with the 

75 received signal arxJ converts the received signal of a 
predetermined frequency band fO to an intermediate- 
frequency signal. 

[01 24] The intermediate-frequency signal obtained by 
the receiving mixer 354 is supplied to the orthogonal 

20 detector 356. The orthogonal detector 356 mixes the 
oscillation output f12 of the second local oscillator 357 
with, the intermediate-frequency signal and performs 
orthogonal wave detection on the intermediate-fre- 
quency signal, thus splitting the signal into an I -compo- 

25, nent and a Q-component .The l-component and Q- - T-r--'^ 

component:detected by the orthogonal detector 356 are - ■ is 

. supplied to the A/D converters 360. 361 through the ^ 
low-pass filters 358, 359. and are then converted to dig- ii 
ital data l[>- Qd of the respective connponents by the A/D 

30 , converters. 360; 361. The first low-pass filter 358 is a fil- 
ter having a.passband width suitable for passing a multi- "ijs.^ 
carrier signal with m subcarriers. The second low-pass - 
. filter 359 is a filter having a passband width suitable for ^ 3 

passing a multi-carrier signal with j subcarriers. . - 

35 [0125] The fast Fourier transform circuit 362 performs *r.. 1^ 

' : discrete Fourier transform with m points (in this case, 32 - ^ ^-"^-^ % 
points) equal to. the maximum number of subcarriers — 
with respect to the digital data \q, Qq supplied from the 
A/D converter 360 and thus generates parallel data of m 

40 symbols. The parallel/serial converter 364 converts the 
, parallel data of m symbols supplied from the fast Fourier 
transform circuit 359 to one sequence of serial data and 
supplies this serial data to the discrimination and selec- 
tion circuit 370. . : 

45 [0126] The fast Fourier transform circuit 363 performs 
discrete Fourier transform with j points (in this case, 
eight points) with respect to the digital data Iq, Qp sup- 
plied from the A/D converter 361 and thus generates 
parallel data of j symbols (eight symbols).. The paral- 

50 lel/serial converter 365 converts the parallel data of j 
symbols supplied from-,the .second fast Fourier trans- 
form circuit 363 to onesequence of serial data and sup- 
. plies this serial data to the discrimination and selection 
, circuit 370. . . . - > . . 

55 [0127] . The discrimination and selection circuit .370 
' discriminates which sequence of serial data of the two 
sequences of serial dat? supplied from the paral- 
lel/serial converters 364. 365 Js the data corisidered to 
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be correct received data, then selects the discriminated 
sequence of serial data as received data, and supplies 
the selected data to a data prccessing section 380, 
which corresponds to the MMAC channel cod- 
ing/decoding section 15d of the base station device 15. 
[0128] The signal processed in the system including 
the elements from the first low-pass fitter 358 to the par- 
allel/serial converter 364 and the signal processed in 
the system including the elehnents from the second low- 
pass filter 359 to the parallel/serial converter 365 will 
now be described 

[0129] The signal passed through the first low-pass fil- 
ter 358 is a multi-carrier signal having m units (in this 
case, 32 units) of sut)carriers sc1 to sc32. and the band- 
width fwl of the received signal is the bandwidth for 32 
subcarriers, as shown in Fig.17A. The first low-pass fil- 
ter 358 is a filter for passing the signal having this band- 
width. A bandwidth twice the bandwidth of the passband 
of the first low-pass fitter 358 is the t>andwidth fw1 of the 
received signal. 

[0130] The signal passed through the second low- 
pass filter 359 is a multi-carrier signal having j units (in 
this case, eight units) of subcarriers sc V to sc8\ and the 
bandwidth fw2 of the received signal is the bandwidth 
for eight subcarriers. as shown in Fig. 176. The second 
lov/-pass filter 359 is a filter for passing the signal having 
this l^andwidth. A bandwidth twice the bandwidth of the 
passband of the second low-pass f ifter 359 is the band- 
width fw2 of the received signal. The center frequency 
of the passband of this second low-pass filter 359 can 
be arbitrarily set as long as this low-pass filter passes a 
multi-carrier signal with j units (in this case, eight units) 
of subcarriers scV to sc8' from among m units (in this 
case, 32 units) of subcarriers scl to sc32. However, in 
consideration of the system design, it is preferred to set 
a passband of ±A from the carrier center frequency Fc 
of the multi-carrier signal with subcarriers scl to sc32 
as the center frequency. 

[0131] Meanwhile, inthe transmission processing sys- 
tem in the base station device 350, transmission data 
(serial data) supplied from the data processing section 
380 is converted to m units of parallel data by the 
serial/parallel converter 371 . The inverse fast Fourier 
transform circuit 372 performs inverse discrete Fourier 
transform with m points with respect to the m units of 
parallel data and thus generates digital t>aseband data 
l[> Qq on the orthogonal time bases. The baseband 
data Iq, Qd a*'© converted to the analog format by the 
D/A converter 373. thus obtaining analog signals of the 
I -component and Q^component. 

[0132] The orthogonal modulator 374. to which the I- 
component and Q-component signals are supplied from 
the D/A converter 373. performs orthogonal modulation 
of the l-component and Q-compdnent signals by using 
the oscillation output f1 2 of the second local oscillator 
357 as a carrier wave. The signal orthogonally modu- 
lated by the orthogonal modulator 374 is mixed with the 
oscillation output f11 of the local oscillator 355 by the 



transmission mixer 375. thus frequency-converting the 
signal to a signal of a transmission frequency band . The 
frequency-converted signal is amplified by the power 
amplifier 376 and is then radio-transmitted to the termi- 
5 nal device 1 6 from the antenrla 351 through the antenna 
' switch 352. . - • . . ;v ' ^ 

[0133] The base station device 350 differs from the 
base station device 250 shown in Fig. 14 in that demod- 
ulation processing is carried out after band limitation 

10 with respect to the l-component and Q-component 
detected by th j orthogonal detector 356 is carried out 
by the first low-pass filter 358 having the passl>and 
width suitable for passing a multi-carrier signal with m 
subcarriers and the second low^ass filter 359 having 

15 the passband width suitable for passing a multi-carrier 
signal with j subcarriers. 

[01 34] By using the base station device 350 of such a 
structure, both the receiving processing of low-speed 
access in the uplink from the communication terminal 

20 device 1 6 and the receiving processing of high-speed 
access can be carried out, and the terminal device 1 6 of 
either mode can be applied. In this case, since the 
receiving processing of the signals having the respec- 
tive numbers of subcarriers is carried out by passing the 

25 signals through the low-pass filters 358, 359 suitable for 
the respective transmission bandwidths. demodulation 
processing can be carried out oh the received signals 
limited to the passband widths suitable for the respec- 
tive nurfiber of subcarriers. arid the demodulation of 

30- data having the respective number of subcarriers can 
■ be satisfactorily carried out with high sensitivify. Particu- 
larly/since the passband of the received signal is nar- 
rowed at the time of low-speed access, wasteful noise 
power and radio interference can be eliminated and the 

35 receivirig sensitivity can be ihTproved." As the receiving 
processing on the side of the base station device 1 5 can 
be carried out with high sensitivity, the burdien on the 
power amplifier on tho side of the terminal device 16 
can be reduced and the power required for transmission 

40 in the terminal device 16 can be reduced. Also, out-of- 
band radio interference can be efficiently removed, thus 
enabling improvement in the receiving sensitivity. 
[01 35] The effect of improvement in the receiving sen- 
sitivity will now be described. The receiving sensitivity 

45 Ps (where the bit error rate is 1%) can be expressed by 
the following equation. 

Ps = C/N [dB] + kTBF [dB] . 

50 [01 36] In this equation, C/N is the ratio of carrier level 
C to noise level N where the bit error rate is 1%. This 
C/N value is determined in accordance with the modula- 
tion mode of each subcarrier and is basically independ- 
ent of the number of subcarriers. !h the equation, k is 

55 the Boltzmann's constant and T is the absolute temper- 
ature. At the normal temperature, kT = 174 dBm/Hz is 
obtained. F is the noise factor (NF) of the receiver. B is 
the noise bandwidth of the receiver. If band limitation is 
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carried out on the baseband, the noise bandwidrh takes 
a value twice that of thepassband of the low-pass filter 
. In the case where the value of B can be reduced to 1/4 
by reducing the subcarr.iers, as shown in Figs.17A and 
17B. Ps can be set to;1/4. that is, smaller by 6 dB since 
the other parameters are unchanged. This means that 
the sensitivity is improved by 6 dB. The improvement in 
the sensitivity by 6 dB means that the transmission 
power on the side of the terminal device 16 may be low- 
ered t)y 6 dB. 

[01 37] In this embodiment the number, of subcarriers 
m is 32 and.the number of subcarriers j is 8. However, 
the numbers of subcarriers are not limited to these num- 
bers as long as the relation of m > j is satisfied. For 
example, the number of subcarriers j may be .1 so as to 
form a so-called single-carrier signal: . 
[0138] Moreover, though two low-pass filters having 
their respective bandwidth are provided in the base sta- 
tion device 350. a single low-pass fitter having a variably 
set bandwidth may be provided so as to carry out varia- 
ble processing of the output of the single low-pass fitter 
in accordance with the number of subcarriers of 
received data, thus changing the passband v^idth.of the 
lowrpass filter in accordance with the number of subcar- 
riers of the received data. Particularly, in the case where 
it is known in advance that the current access^ is low- 
speed access or high-speed.access, a system including 
a low-pass filter, .an A/D converter a fast Fourier trans- 
fprrn circuit and a parallel/serial converter may be pro- 
. vided for one sequence alone so as to change the 
processing in each- circuit in. accordance ? with the 
number of subcarriers received at the time of prpcess- 

;[0139] . . In. the above-described embodiment, the 
present inventipri is applied to the MM AC radio commu- 
nication, system.. However, it is a matter of course that 
the processing of the present invention can be applied 
to various other data communication systems. - 

Claims ^: ^ . , - 

1. A comrnunication system comprising: , 

a base station device having transmission 
means for carrying out communication of a 
down link to a communication terminal device 
by using a multi-carrier signal having data dis- 
persed to a plurality of subcarriers for transmis- . 
sion. and receiving means for receiving a 
, single-carrier signal transrnitted from the com- 
rriunication terminal device and demodulating 
the data thereof : and 

a communication terminal device having trans- 
mission means for carrying out communication 
of an up link to the base station device by using 
a single-carrier signal, and receiving means for 
receiving a mutti-carrier signal having data dis- 



. . ^ parsed to a plurality of subcarriers transmitted 
from the base station. device and demodulating 
. the received data. 

5 2. A communication system cornprising: 



a base station device having transmission 
means for carrying out communication of a 
down link to a communication terminal device 
. by using a multi-carrier signal having data dis- 
persed to a plurality of subcarriers for.transmis- 
s\on, and receiving means for receiving a multi- 
carrier signal having data dispersed to a plural- 
ity of subcarriers or a single-carrier signal 
transmitted from the communication terminal 
device and demodulating the data thereof; . 
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a first communication terminal device having 
transmission means for carrying out communi- 
cation of an up link to the base station device 
. ; . by using a multi-carrier signal having data dis- 
persed to a plurality of subcarriers for transmis- 
^ . sion, and receiving. means for receiving a multi- 
carrier signal having data dispersed to a plural- 
ity of subcarriers transmitted from the base sta- 
tion device , and demodulating the. received 
data: and . - 

a second communication terminal device hav- 
^ ing transmission means for carrying out com- 
munication of an up link to the base station 
device by using a single-carrier signal, and 
receiving =means for receiving a multi-carrier 
. signal, having data dispersed to a plurality of 
subcarriers transmitted from the base station 
. ' device and demodulating the received data: 

Ttie communication system as claimed in. claim 2. 
wherein the second communication terminal device 
further includes carrier control means for controlling 
the transmission means so as to carry out commu- 
nication of the up link to the base station device by 
using a predetermined subcarrier of the plurality of 
subcarriers. . v 

The communication, system as claimed in claim 2, 
wherein the base station .device further includes 
timing control means for controlling the transmis- 
siori means so as .to carry out communication of the 
down link at predetermined slot timing within a 
frame having a plurality of slots. 

, the first communication terminal device, further 
includes transmission-control means for con- 
trolling the transmission means so as to carry 
out communication of the up link at first slot tim- 
ing set within the frame, and - , 
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the second communication terminal device fur- 
ther includes timing control means for control- 
ling the transmission means so as to carry out 
communication of the up link at second slot tim- 
ing set within the frame. ' 

5. The communication system as claimed in claim 2, 
wherein the base station device further includes 
discrimination means for discriminating a rnultl-car- 
rier signal using m units of subcarriers and a single- 
carrier signal; so that demodulation processing 
conforming to a received signal is carried out by the 
receiving means on the basis of the result of dis- 
crimination of the discrimination means. 

6. A communication system comprising: 

a t>ase station device having transmission 
means for carrying out communication of a 
down link to a communication terminal device 
by using a multi-carrier signal having data dis- 
persed to m ijnits of subcarriers for transmis- 
sion (where m is an integer hot smaller than 2), 
and receiving means for receiving a multi-car- 
rier signal having data dispersed to j units of 
sulxjarriers (where j is an integer smaller than 
m) transmitted from the communication termi- 
nal device and demodulating the data thereof; 
and '■ - ' ^. ■ :■■ ..-^ ■ 

a communication terminal device having trans- 
mission means for carrying out communication 
of an up link to the base station device by using 
a multi-carrier signal having data dispersed to j 
units of subcarriers for transmission, and 
receiving means for receiving a multi-carrier 
signal having data dispersed to m units of sub- 
camers transmitted from the base station 
device and demodulating the received data. 

7. A communication system comprising: - 

a base station device having . transmission 
means for carrying out communication of a 
dovvn link to a communfcation terminal device 
by using a multi-carrier signal having data dis- 
persed to m units of subcarriers for transmis- 
sion (where m is an integer not smaller than 2), 
' and receiving means for receiving a multi -car- 
rier signal having data dispersed to m or j units 
of subcarriers (where j is an integer smaller 
' than m) transmitted from the communication 
terminal device arid demodulating the data 
thereof: 

a first communication terminal device having 
- transmission hrieans for carrying out communi- 
cation of an up link to the base station device 
by using a multi -carrier signal having data dis- 



persed to m units of subcarriers for transmis- 
sidn, and receiving means for receiving a multi - 
carrier signal having data dispersed to m units 
of subcarriers transmitted from the base station 

5 device and demodulating the received data; 

■ and ' : 

a second communication terminal device hav- 
ing transmission means for carrying out com- 
munication of an up link to the base station 

10 ' ' device by usinQ a muiti-carrier signal having 
data dispersed to j units of subcarriers for 
ti-ansmission, and receiving means for receiv- 
^ ing a multi-carrier signal having data dispersed 
to m units of subcarriers transmitted from the 

/5 * base station device and demodulating the 

received data. 

8. The communication system as claimed in claim 7, 
wherein the second communication terminal device 
20' ■ further includes carrier control means for controlling 
the transmission meains so as to carry out commu- 
nication of the up link by using predetermined j units 
of subcarriers of the m units of subcarriers. 

25 3. The communication system as claimed in claim 7, 
^ wherein the base station device further includes 
' ' timing control means for corrtrolling the transmis- 
> siion fneans so as to carry but comniuniisation of the 
down link at predetermined slot timing within a 
frame having a plurality of slots, 

the first communication terminal device further 
includes timing control means for controlling 
the transrhissioh means so as to carry out com- 
35 munication of the up link at first slot timing set 

within the frame, and 
* the second corrimunication terrhihal device fur- 
ther includes timing control means for control- 
ling the transmission means so as to carry out 
40 communication of the up link at second slot tim- 

ing set within the frame. - 

10. The communication system as claimed in claim 7. 
wherein the base station device further includes 

45 discrimination means for discriminating a multi-car- 
rier signal using m units of subcarriers and a multi- 
carrier signal using j units of subcarriers. so that 
demodulation processing conforming to a received 
signal is carried out by the receiving rheans on the 

50 basis of the result of discrimination of the discrimi- 
nation means. ^ 

11. A communication system comprising: 

55 a base station device having transmission 

means for carrying but communication of a 
down link to a comrhunication terminal device 
by using a multi-carrier signal having data dis- 
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- * . ' persed to m units of subcarriers for transmis- 
; ' sion (where m is an integer not smaller than 2), 

and receiving oieans for receiving a multi-car- 
rier signal having data dispersed to m or j units 
of subcarriers ;(where j is an integer smaller 
than m) or a single-carrier signal transmitted 
. from the communication terminal device and 
demoduiating. the data thereof: 

^ a first communication terminal device having 

.transmission means tor carrying put communi- 
. cation of an. up link to the base station device 
by using a multi-carrier signal having data dis- 
persed to m units of subcarriers for transmis- 
. sion, and receiving means for receiving a multi- 
carrier signal having data dispersed to m units 
of subcarriers transmitted from the base station 
device and demodulating the received data; 

a second communication terminal device hav- 
ing transmission means for carrying out com- 
munication of an up link to the base station 
, device by using a multi-carrier signal having 
data dispersed to j units of subcarriers for 
transmission, and receiving means for receiv- 
ing a mult i -carrier signal having data dispersed 
to m units of subcarriei*s transmitted from the 
— base station device and demodulating the 
. : .i -received data;.and , w ,^ . : 

a third communication terminal device having 

- transmission means. for carrying out communi- 
* cation of an up Jink to the base station device 

7 . . by using single-carrier, and receiving means for 
, . ' receiving a multi-carrier signal having data dis- 
persed to a plurality of subcarriers transmitted 
from the base station device and deniodulating 
- - the received data. 

12. The communication system as claimed in claim 11, 
wherein the second communication terminal device 
further includes carrier control means for controlling 
the transmission means so as to carry out commu- 

, nication of the up link by using predetermined j units 
of subcarriers of the m units of subcarriers. and 

the third communication terminal device further 
includes carrier control means for controlling 
the transmission means so as to carry out com- 
munication of the up link by using a predeter- 
mined subcarrier of the m units of subcarriers. 

1 3. The communication system, as claimed in claim 1 1 . 
wherein the base station device further includes 

. timing control means for controlling the transmis- 
sion means so as to carry out communication of the 
down link at predetermined slot timing within a 

. frame having a plurality of slots, .and 



.. . each of the communication terminal devices 
:. further includes, timing control means for con- 
trolling each trarismission means so as to carry 
out communication of the .up link at each prede- 
5 termined slot timing allocated within the frame 

having a plurality of slots. 

'14. The communication system as claimed in claim 1 1 , 

- . wherein the base station device further includes 
10 : discrimination means for discriminating a multi-car- 

. her signal using m units of subcarriers and a multi- 
carrier signal usirig [ units of subcarriers, so that 
deniodulation processing conforming to a received 
signal is carried out by the receiving means on the 
15 kaasis of the result of discrimination of the discrimi- 
nation means. ^ j . 

• 15. A base station device for carrying out bidirectional 
data communication with a communication terminal 
20 , device, the base station device comprising: 

! transmission means for carrying out communi- 
-.r cation of a down link to the communication ter- 
minal, device by using a multi-carrier signal 
25* haying;data dispersed to a plurality of subcarri- 

ers for transmission; and 

receiving means for receiving a single-carrier 
signal transmitted from the communication ter- 
30 minal device and demodulating the data 

- - :.• thereof, y^. . * • • . 

. 16. A base station device for carrying out bidirectional 
. data communication with a communication terminal 
35 - device, the base station device comprising:, 

transmission means for carrying out communi- 
cation of a down link to the communication ter- 
. minal device by using a multi-carrier signal 

40 having data dispersed to a plurality of subcarri- 

ers fortransmission; and. / 
receiving means for receiving a multi-carrier 
' ^ . signal having data, dispersed to a plurality of 
subcarriers or a .single-carrier signal transmit- 

45 - ted from the communication terminal device 
and demodulating the data thereof. 

17. The base station device as claimed in claim 16, fur- 
ther comprising receiving control means for control - 
50 ^ . ling the receiving means so as to receive a single- 
- carrier signal to which a predetermined subcarrier 
of a plurality of subcarriers is allocated and demod- 
ulate the data thereol 

55 18. The base station device as claimed in claim 16, fur- 
ther comprising receiving-control means for control- 
ling the receiving means so as to receive the multi- 
carrief signal at first slot;timing set within a frame 
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- having a plurality of slots and demodulate the data 
thereof, and to receive the singJe-carriet^^signat at 
second slot timing set within the frame and demod- 
ulate the data thereof. " ; > 

19. The base station device as claimed in claim 16. fur- 
ther comprising discrimination means for discrimi- 
nating a multi-carrier signal using m units of 
subcarriers and a single-carrier signal, so that 
demodulation processing conforming to a: received 
signal is carried out by the receiving means on the 
basis of the result of discrimination of the discrimi- 
nation means. 

20. A base station device for carrying out bidirectional 
data communication with a communication terminat 
device, the base station device comprising: 

transmission means for carrying out communi- 
cation of a down link to the communication ter- 
minal device by using a multi-carrier signal 
having data dispersed to m units of subcarriers 
for transmission (where m is an integer not 
smaller than 2): and 

receiving means for receiving a multi-carrier^ 
signal haviiig data dispersed to j units of sub-- 
cannier s (where j is an integer smaller than m) 
transmitted from the communication terminal 
device and demodulating the data thereof. 

21. A base station device for carrying out bidirectional 
data communication witfi a commLinication terminal 
device, the base station device comprising: 

transmission means for carrying out communi- 
cation of a down link to the communication ter- 
minal device by using a multi-carrier signal 
having data dispersed to m units of subcarriers 
for transmission (where m is an integer not 
smaller than 2); and 

receiving means for receiving a multi-carrier 
signal having data dispersed to m or j units of 
sufcxjarriers (where j is an integer smaller than 
m) transmitted from the communication termi- 
nat device and dernodulating the data thereof. 

22. The base station device as claimed in claim 21 , fur- 
ther comprising receiving control means for control- 
ling the receiving means so as to receive a multi- 
carrier signal to which predetermined j units of sub- 
carriers of m units of subcarriers are allocated and 
demodulate the data thereof. 

23. The base station device as claimed in claim 21 . fur- 
ther comprising receiving control means for control- 
ling the receiving means so as to receive a multi- 
carrier signal transmitted with the data dispersed to 
m units of subcarriers at first slot timing set within a 



frame having a plurality of slots and demodulate the 
data thereof, and to rieceive a rrxilti-carrier signal 
transmitted with the data dispersed to j units of sub- 
carriers at second slot timing set within the frame 
5 : and demodulate the data thereof. 

24. The base station device as claimed in claim 21 , fur- 
ther comprising discrimination means for discrimi- 
nating a multi-carrier signal using m units of 

TO sutx^arriers and a multi-carrier signal using j units of 
subcarriers, $o that demodulation processing con- 
forming to a received signal is cari-ied out by the 
receiving means on the basis of the result of dis- 
crimination of the discrimination means; 

15 

25. The base station device as claimed in claim 21, 
wherein the receiving means further includes a filter 
having a passband width corresponding to the 
number of subcarriers of a multi-carrier signal to be 

20 demodulated, so as to decode data from a received 
signal obtained through the filter. 

. 2S. The base station device as claimed in claim 21. 
wherein the receiving means further includes a filter 

25 having a first passband width and a filter having a 
second passband width broader than the first |3ass- 
band width." so as to receive a multi-carrier signal 
transmitted through the filter of the fiist passband 
width with the data dispersed to j units of subcarri- 

30 ers and demodulate the data thereof, and to receive 
a multi-carriier signal transrhitterf through the filter of 
the second passband width with the data dispersed 
to m units of subcan-iers and dennodulate the data 
thereof/-' - 

35" ' ■ r ■ ■ . ' - - ' ■ 

; 27. A base sfation device for carrying out bidirectional 
data communication with a comhiunication terminal 
device, the t>ase station device comprising: 

40 transmission means for carrying out communi- 

cation of a down link to" the communication ter- 
minal device by using a multi-carrier signal 
having data dispersed to m units of subcarriers 
for transmission (where m is an integer not 

45 smaller than 2); and - 

receiving means for receiving a multi-carrier 
signal having data dispersed to m or j units of 
subcarriers (where j is an integer smaller than 
50 m) or a single-carrier signal transmitted from 

the communication terminal device and 
demodulating the data thereof. 

28. The base station device as claimed in claim 27. fur- 
55 ther comprising receiving control means for control- 
ling the i-eceiving means so as to receive a multi- 
carrier signal to which specified j units of subcarri- 
ers of m units of subcarriers are allocated or a sin- 
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gle-carrier signal ; to which a predetermined 
subcarrier is allocated and demodulate the data 
•r..> thereof- ■ ' 

* ■ \-,'t . 
29- The base station device as claimed in claim 27, fur- 
ther comprising receiving control means for control- 
ling the receiving, means so as to. receive a rnulti- 
. carrier signal transmitted with the data dispersed to 
m units of subcan-iers at first slot timing set within a 
frame having a plurality, of slots and demodulate the 
data thereof, and to receive a multi-carrier signal 
transmitted with the data dispersed to j units of sub- 
carriers or a single-carrier signal at second slot tim- 
ing set within the frame and demodulate the data 
thereof. 

30. The base station device as claimed in claim 27, fur- 
ther comprising discrimination means for discrimi- 
nating a multi -carrier signal using m units of 
subcarriers and a multi-carrier signal using only j 
units of subcarriers or a single-carrier signal, so 
that demodulation processing conforming to a 
received signal is carried out by the . receiving 
means on the basis of the result of discrimination of 
the discrimination mearis- . . , 

.31. The base station device as claimed in claim 27. 
wherein the receiving means further includes a filter 
- haying, a passlDand width .corresponding to the 
. nuniber of subcarriers to be demodulated, so as to 
, decode, data frorn a received signal obtained 
- : through the filter. v. - ■ . 

32. The base station device as claimed in claim 27. 
wherein the receiving means further includes a filter 

., having a first passband width and a filter having a 
' second passband width broader than the first pass- 
band width, so as to receive a multi-carrier signal 
transmitted through the filter of the first passband 
width with the data dispersed to j units of subcarri- . 
ers or a single-carrier signal and demodulate the 
data thereof, and to receive a multi -carrier signal 
trarismitted through the filter of the second pass- 
band width with the data dispersed to m units of 
subcarriers and demodulate the data thereof. 

33. A communication terminal device for carrying out 
bidirectional . communication with a base station 
device, the communication terminal device com- 
prising: - • 

transmission means for carrying out communi- 
cation of an up link to the base station device 
by using a single-carrier signal; and 
. receiving means for receiving a nrwlti-carrier 
. signal having data dispersed to a plurality of 
subcarriers transmitted from the base station 
• device and demodulating the received data. 



34; The communication terminal device as claimed in 
daim 33. further comprising carrier control means 
' . for controlling , the transmission means so as to 
carry out communication of the up link to the base 
5 station device by using a predetermined subcarrier 

of a plurality of subcarriers. 

. 35. A communication terminal device for carrying out 
. bidirectional communication with a base station 
10 device, the comrnunication terminal device com- 
' ' prising: ...' . , 

transmission means for carrying out communi- 
cation of an up link to the base station device 
75 by using a multi-carrier. signal having data dis- 

persed to j units of sutxarriers for transmission: 
, and ' 

receiving means for receiving a multi-carrier 
20 signal having data dispersed to m units of sub- 

carriers transmitted from the base station 
device and demodulating the received data. 

36. The communication terminal device as claimed in 
25 - claim 35. further comprising carrier control means 

for controlling the transmission means so as to 
carry. put communication of the up link to the base 
. station, device by using predetermined j units of 
subcarriers of the m units of subcarriers. 

30 

37. A communication method for carrying out bidirec- 
j ! tional communication with a base station device, 

the method comprising: 5 . 

35 carrying out communication of a down link from 

the t>ase station device to a communication ter- 
. minal device by using a multi-carrier signal hav- 
ing data dispersed to a plurality of subcarriers 
for transmission; and 

40 

carrying out communication of an up link from 
the communication terminal device to the base 
station device by using a single-carrier signal. 

45 38. A communication method for carrying out bidirec- 
tional communication with a base station device, 
the method comprising: 

carrying out communi cation .pf a down link from 
so the base station <ievice to a communication ter- 

minal device byiJSjng a multi-carrier signal hav- 
ing data dispersed to a plurality of subcarriers 
for transmission; and 

55 . carrying out communication of an up link from 

the communication, tefiTiinal device to the base 
station device by using, a rhulti-carrier signal 
- having data dispersed to a plurality of subcarri- 
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ers for transmission or a single-carrier signal. 

39. The communication method as claimed in claim 38, 
wherein communication of the up link to the base 
station device is carried out by using a predeter- 
mined subcarrier of the plurality of subcarriers. 

40. The communication method as claimed in claim 38, 
wherein communication between the base station 
device and the communication terminal device is 
carried out at slot timing set within a frame having a 
plurality of slots, and 

communication of the up link from the commu- 
nication terminal device to the base station 
device is carried out by using a multi-carrier 
signal at first slot timing set within the frame 
and by using a single-carrier signal at second 
slot timing set within the frame. 

41 . The communication method as claimed in claim 38, 
wherein on the side of the base station device, a 
multi -carrier signal using m units of subcarriers and 
a single-carrier signal are discriminated so that 
demodulation processing conforming to a received 
signal is carried out on the basis of the result of dis- 
crimination. 

42. A communication method for carrying out bidirec- 
tional communication with a base station device, 
the method comprising: 

carrying out communication of a down link from 
the base station device to a communication ter- 
minal device by using a multi-carrier signal hav- 
ing data dispersed to m units of subcarriers for 
transmission (where m is an integer not smaller 
than 2); and 

carrying out communication of an up link from 
the communication terminal device to the base 
station device by using a multi -carrier signal 
having data dispersed to j units of subcarriers 
for transmission (where j is an integer smaller 
than m). 

43. A communication method for carrying out bidirec- 
tional communication with a base station device, 
the method comprising: 

carrying out communication of a down link from 
the base station device to a communication ter- 
minal device by using a multi-carrier signal hav- 
ing data dispersed to m units of subcarriers for 
treinsmission (where m is an integer not smaller 
than 2); and 

carrying out communication of an up link from 
the communication terminal device to the base 



station device by using a nuilti-carrier signal 
, having data dispersed to j units of subcarriers 
for transmission (where j is an integer smaller 
than m) or a multi-carrier signal having data 
5 dispersed to m units of subcarriers. 

44. The communication method as claimed in claim 43. 
- ' - ~ wherein communication between the base station 

device and the communication terminal device is 
10 . carried out at slot timing set within a frame having a 
plurality of slots, and ^ 

communication of the up link from the commu- 
nication terminal device to the base station 
15 ' device is carried ou1 in a slot allocated only to a 

multi-carrier signal having data dispersed to j 
units of subcan-iers for transmission. 

45. The communication method as claimed in claim 43, 
so wherein communication of the up link from the com- 
munication terminal device to the base station 
device is carried out by using a multi-can'ier signal 
having data dispersed to m units of subcarriers at 
first slot timing set within a frame and by using a 

25 multi-carrier signal having data dispersed to j units 
of subcarriers at second slot timing set within the 
frame. 

46. The communication method as claimed in claim 43, 
30 ' wherein on the side of the base station device, a 

multi carrier signal using m uriits of subcarriers and 
a multi-carrier signal using j units of subcarriers are 
discriminated so ihat demodulation processing 
conforming to a r-ieceived signal is carried out on the 
35 basis of the resuit of discrinlinatibn. 

47. A communication method for carrying out bidirec- 
tional communication with a base station device, 
the method conprising: 

40 • - • • . 

carrying out communication of a down link from 
the base station device to a communication ter- 
minal device by using a multi-carrier signal hav- 
ing data dispersed to m units of subcarriers for 
45 transmission (where m is an integer not smaller 

than 2); and 

carrying out communication of an up link from 
the communication terminal device to the base 
50 Station device by using a multi-carrier signal 

having data dispersed to j units of subcarriers 
for transmission or a single-carrier signal. 

48. A communication method for carrying out bidirec- 
55 tional communication with a base station device, 

the method comprising: 

carrying out communication of a down link from 
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the base station device to a communication ter- 
. , . mina! device by using a multi-carrier signal hav- 
. ; . : ing data dispersed to m units of subcarriers for 
transmission (where m is an integer not smaller 
than 2); and ^ s . 

can-ying out communication of an up link from 
the communication terminal device to the base 
. station d^/ice by using a mutti-carrier signal 
having data dispersed to m units of subcarriers , 
for transmission., a multi-carrier signal having jo . 
data dispersed to j units of subcarriers for 
transmission (where j is an integer smaller than 
: m) or a signal-carrier signal.. 

49. The communication method as daimed in daim 48. i5 \ 
wherein communication between the base station 
device and the communication terminal device is 
carried out at slot timing set within a frame cycle, 
and . . . 

■ ^ , . . 20 

communication of the up link from the commu- 
nication terminal device to the base station 
device is carried out in a slot allocated only to a 
multi -carrier signal having data dispersed to j 
' units of subcarriers for transmission, orva single- , 25 . . 
carrier signal. - , . v . v: 

50. The communication method as claimed in claim 48. 
_wherein communication of the up link from the com- 
munication terminal device- to the base station 3o .; 

- - device is earned out by using a mujti .-carrier signal 
- having data dispersed tp^m units of subcarriers at 
, first slot-tirning set within a frame and, by using a 
/ . multi-carrier signal having data dispersed, to j units 

of subcarriers- or a single-carrier signal at second 35. 
slot timing set within the frame cycle. 

51. The communication method as claimed in claim 48, 
wherein on the side of the base station device, a 
multi-carrier signal using m units of subcarriers and 40 ?, 

; a multi -carrier signal using j units of subcarriers are 
discriminated so that . demodulation processing 
. . conforming to a received signal is carried out on the 
basts of thejesult of discrimination. 

' . ■ .. • ■ . 45 
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